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STATEMENT OF DATA CONFIDENTIALITY

No claim of confidentiality is made for any information contained in this study on
the basis of its falling within the scope of FIFRA 8§10(d) (1) (A), (B), or (C).

Company Agent: lamy W. Moore Due: 7/26

CERTIFICATION OF GOOD LABORATORY PLACTICE

Th submitter of this study neither sponsored nor conducted all the research reported
in this study. Part of the sponsor’s work was performed before 40 CFR-160 was
promulgated, as was the other work cited herein. Although only part of the
information I am providing was collected according to prezent good laboratory
practice requircments, I fecl the work is valid and acceptable sciemtifically. In each
literature citation, the work cited was published in reputable, referred scientific
journals.

BODY CF STUDY
Tier 1 Tox

Guideline Reference Numbers: 154A-19. 1 will rely on the data from the earlier
data submission which is on record with EPA.

Again, the maximum number of CFU of Agrobacterium radiobacter K24 administered in
these tests, without causing toxicity, far exceeds the concentration with which fish
would be subjected were K84 to enter an aquatic system, especially from run-off water
from a field with treated plamts. Furthermore, the populations of wild Agrobacierinm
5pp. nmnllypmemmthcniloronmm:wouldheasmmmmmmxu .
[Appendix items 1 (Table 1); 2 (P. 113); 3 (Table 3)l. Taxonomically, K34 is ------
indmm;uuhtble from other Agrobagterinm biovar 2 strains and also from the fm..
growing Rhizobium spp. (cf. Appendix item # 4; even though Skinner SpuIperts thateo’
Nile Blue differentiates the rhizobia from Agrobscterium, cf. Appendix m#-s p. 16),
and K84 would therefore contribute but to but a fraction of the agro mizt
the aquatic system. Although we have isolated biovar 2 agrobacieria fmrd sbreams
A selective medium for biovar 2 strains, an amtibiotic-resistant mutant strain’‘of K84 i'i
rot survive well in water from the Willammette and Marys Rivers near nNis (ct .
Appendix item # 6 Stockweil, V., and Moore, L. W.. manuscriot in Thess
considerations plus: (i) the relatively small amount of K24 used in l;rwulmre. (iij e ths’
vetyurpwdappllcmonofkudimtlytotheplntpanwhepmtecudmhcrg:.
to soil, water, or an aerial spray of foliage, and (iii) the use of K34 on minor non-

type plants grown in a nursery or landscape are major reasons for my position on
these questions.
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Guideline Reference Number: 154A-22 K84 survived on roots of a dozen
nontarget plants (broadieaf weeds, grasses, eic.--cf. Appendix item # 6). Survival on
roots of nontarget plants was generally good overall, but betier on some species.
Survival in the rhizosphere of nontarget plants is not surprising since the
agrobacteria arc rhizosphere inhabitants. Again, K84 is only one component of the
total Agrobacierium population in these niches. Using anmual rye grass as trap plants,
we could monmitor movement of an antibiotic marked strain of K84 from a point source
(inoculated cherry seedling) 1o grass plants 40 cm. from the inoculum source, bui
movement in natural, mineral soil was never greater than 5 cm and survival was
«clatively short (cf. Appendix item # 6; Stockwell, V., and Moore, L. W., manuscript in
preparation).

The agrobacteria are eaten by nematodes (cf. Appendix item # 7) and are likely carried
on the body of arthropods and beetles which reside in soil and on plant roots. The
importance of these potential vectors in helping K84 become established in different
niches within the ecosystem at sites distant from the original source of K84 is

unknown, but I predict it would be small. Once K34 is disseminated {rom a point
source to & new area, it faces strong competition from other microorganisms relative 1o
establishment.
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Populntions of agrobacteria in excess of 10F CFU/g were recovered from 12 sol and root samples obtxined
ffvmthehllhum,wn..lumrulﬂmmhlﬂ.rnpﬂrhwhbhhmmhmmm

ngricultursily. Of 126 sirains piched

MMM&.“MW:M@

randondy
Biovar 2 straims prodowsivestad (1 of £4). but hese strains were distributed into thres

vubgroups. Of the remainiing Ag

mmwm.mmunmmnymumemmm

plasmid in

Mkmm)utmmmmmmmzm.mm 10
uﬂmm—muﬂmmmmwmum*mmw
M.Mmhawhmthmmmﬁmiuthmwmﬁmm
(l)ﬂﬂMWIMmmrm-mhmmhudmuﬂ.Mkamm
mmdqﬁm.md{ﬁ)l&%dthqhunﬂiunmmmmspp.

" \"" The ccology of Agrobacterium spp. in

environments has received little attention, puartly because
the research by plant pathologists has focused pri
crown gall, a serious neoplastic disease in plant nurseries

MthmA:mhcwﬁm:pp.mablemmmny
invade cultivated soils and cause epidemics (8, 33). Yet in
these cuitivated soils, the Agrobacterium population is pre-
dominantly nonpathogenic (15, 33). Although nonpathogemic
shinscmddpotemhﬂyhemmpnthqemupmmuim
dmmﬁﬂamﬁ(pﬁ)(w.wm&mw
for tumor induction (40), most plant pathologists do not
consider the ic population to be a threat to the
htheunmwhydnbbloﬁcﬂwﬁvityn&:mﬁvﬂdthﬁ
organism in nonagricultural soils has not investigated.

The prevent study was designed to determine whether
Agrobacterium strains inhabit soils of a natural environment
and, if s0, whether their - isti
luociﬂethemwiﬂhthemiymmuﬂ.
For this purpose, soil and root samples were chtained from
the Allison Savanna, Minn., a natural cak savanma and
llﬂmusmh-icwhichhunwerbmdimrbedmm-
dy.%mnubmnuintﬁmduitminpmﬂ-
tiement days, when such plant communities covered ryuch
of the central North American continent.

physiological group of agrobacteria,
and the predominance among opine utilizers of bacteris that
are not Agrobacterinm spp.

MATERIALS AND METHODS

Organisms and cultivation. Bacteria were isolated from
both roci~ and soil surrounding plants in the Families

* Corresponding author,
t Technical paper 7987 of the Oregon State Universily Agricul-
ture Station.

Fagaceae (QOwercus sp.), Rosacese (Rubus fagellaris),
Fabacese (Lathyrus vemosus), Asterscese, and Poaceae and
muuidenﬁﬁedpbm(clmmomﬂ.uplmu
ampledmlouteduvenihwndmdmemaminthe
Allison Savanna, a preserve of The Nature C .
located in the Anoka Sand Plain of Anoka County, Minn.
Individual plants with about 250 g of sandy-loam soil sur-
mnﬁmthcmmsmmplaudinplaﬁchﬂfor
transport to the laboratory. Roots were removed and washed
fre- of adhering soil. and 1 g of root tissue was ground with
a mortar and pecrie for 2 min in 10 mi of sterile distilled
water. For the so. ;amplee, 1 g of soil was suspended in 10
m of sterile distilled water and vortexed for 1 min. The soil
smmmmmm;hnmwuhmm
of 0.125 mm to remove plant residues. The six root and six
mlmwsmmaﬂowedwmlcnmummmn
hsmufwe'&fdduﬁﬂdﬂmionsdmhmmmm
were made; U.1 ml of selected dilutions was spread onto 1A,
2E, and 3IDG semisclective media for iSelstln of
Agrobecterium spp. (6). The inoculated plated were incu-
bated for 1 week at 25°C before population oMl were
made. A total of 30 colonies

agar (PDA) (Difce Laborstories, Detmoit, Migh.)e
mented with 0.5% (wtivol) * Baterial
culmmmswummml\-gwmcm:hm:
and in sterile distilled water. LI

Characterisation of sirains. Strains were exlu‘una for
their Gram reaction (32) and production of fiy pig-
ment on King medium B (21). Todmmm
affiliation (14, 17, 35) of each putative Agrobacterism strmin,
we performed the following tests: oxidation of lactose to
3-ketolactose (3); oxidase reaction (22); growth and pigmen-
tation in ferric ammonium citrate (12); utilization of citrate
(34), L-1yrosine (20), mucic acid, and +.{ + tartaric acid a7n;
alksli production from malonate (23); and acid production
from erythritol and melezitose (17).

0
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TABLE 1. Population levels of Agrobacteri:an strains iscisted from samples of plant ruots
and surrounding soil obtained from the Allison Savanm

Population levels (10° CFU/R) of Axrobecteriam sirains from:

Poactae

Fadaceae Fagaceax

Seil Roots Sl

Soil Roots

0. 0.5 30
- - 2

2
1 2

10

5

‘mewmmmmmm:mmuﬁMmﬁhmrwmdAmm.Mfwnm «gie pulvinate, snooth,
My.tniciwulwwithlnmhmﬁn.mwnlcm'anlmmdmwmwnhummmmmoﬁmM.Tyn!ca:minm-‘.urm
in dimmeter, and consisted of theee subgroups: type 2°, transhicide gray on medi»m LA type 2. tramiucide groen on medium “E: type X'**, pink on medini 1 3DG

(all of the type 2 celonies were characterized as physiclogical

group 2. The type 1-2 colony was 3 mm in dinmetor and pale gree - on medivm 2E. The type » colony

wag about | mm i diameter and gray on medium 1A. These coiony types correspond to physivlagical groups shown in Table 2.

¥ ... Not detocred a1 a 10" 2 dikution.

Utilization of opine as the sole carbon and nitrogen source
was determined initially from growth on basal medium
solidified with 0.4% (wt'vol) Gelrite (Kelco Division of
Merck & Co., Inc., San Diego. Calif.) comtaining 5 mM
octopine (Sigma Chemical Co., St. Louis, Mo.) or nopaline
(Sigrma) and confirmed subsequently by growth in liquid
Gelrite was used instead of agar as the gelling agent because
the use of agar can result in false-positive data (M. L.
Canfield and L. W. Moore, unpublished results). The basal
medium consisted of the following: K;HPO,, 41 mM;
KH;PO,, 21 mM; MgS(', - TH/O, 0.8 mM: CaCl; - 2H,0, 75
bl FeSO, - TH,0, 18 gM; and MnCl; - 4110, 10 uM: the
pH was adjusted to 7.2 (Canfield and Moore, unpublished

results).

Because some of ihe putative Agrobacterium strains re-

") were surface sterilized in 70% ethanol for 1
min and in 1% sodium hypochlorite for 10 min, germinated
for 2 days at 25°C, and transferred aseptically to sterile test
tubes (30 by 3 cm) cont.ining 20 ml of 2 mineral salts agar
medium (9). The seedlings wer- *+  “~+~' vith 0.2 mi of
bactetial suspension (10° CFUm: iy a growth
chamber for 6 w.eeks before ¢ pr . icored for
modulation. Rhizobium legumisoc' i . a2t phaseoli
127K12b, R. leguminosaram i . ey 147374, and R,
melilori YA-15 were used as po. v~ ~uot s, and sterile
distilled water was used &S &t v cone

¢. diimgs of tomato (Lycopersicon esculenrum ‘Bonny
_lnufl.).mdmmtmmi:vnmmwﬂ,dlmksnﬂer

Semsitivity to agrocin 84, an antibiotic produced by the

i agent Aprobacrerium strain K84, was tested by
the method of Stonier as modified by Cocksey snd Moore
the mopalne B e et P e ocated o

nopaline pTi, this test iy 1 a3 & putative Lest

pathogenicity (16).

Agrobocrerinm strains BS (biovar 1, octopine utilizer) (R.
Baker, Colorado State University), C58 (biovar 1, nopaline
utilizer) (R, Dickey, Corn~il University), K34 (biovar 2) (A.

Kerr, Waite Institute, South Australia) and CGS4 (biovar 3)
(T. Burr, New York State Agriculture Experiment Station at
Geneva) were included as reference strains.

RESULTS

Fvlation of agrobacteria from both soll and root
Agrobacterium strains were recovered from all 12 soil and
root samples (Table 1). The lation of Agrobacterium
sirsins in it manged from 10° to 107 CFU/g and was
unexpectedly simik.s (o the population on the roots.

Identificstion of straime. Fi..:n the three different selective
med*n, 126 bacterial colonies representing all different col-
ony types were selected for further characcerization. Fifty-
four Agrobacterium strains were identified, but nome was
tumorigenic on tomato seedling nor sensitive to agrocin 34.

Thirty-hve strains were biovar 2 agrobacteria. one was
biovar 1 and four shared characteristics of biovar 1-2 of
Spiers (35). The remaining 14 strains formed a fourth phys-
iological grour (Table 2). None of the 12 samples yielded
biovar 3 streins,

the biovar 2 population was predominant in this
study, only 8 of 35 biovar 2 strains were isciated on the
biovar 2 semiselective medium 2E. Sevemicen of these
stirains which were unable to grow on medium 2E did not
grow on erythritol: they formea a biovar 2 repre-
sented by strain R3/84 (Table 2). Another biovar 2 subgriyp, 3
represented by strain SV34. .ncluded 15 L-tyrosine-negative
straing. A third biovar 2 subgroup consisted of three straing»
that shared biovir 1 characteristics; theyegnews on .
1A and on ferric ammonium citrate. Movdr -2 strains
differed from the reference biovar 3 strain'by thefy ability tq
grow on medium 1A and to utilize irol2 of thed2*
straing di mtmc::éwusm'hm o’ . e

Ribesowal serology snd nodultion
wmmdmhw [me:ptv{
Table 2 reacted positively in immwmdm!:',mumﬂg
Agrobacterium ribosomal antisera. These strains produdeda *
precipitin band which “ormed a reaction of
(identiry) with the precipitin band of the homolog (i.c., V"
strain used to develop the antiserum) (Fig. 1). Results of e
serological test and the lack of nodulation of the three
legume ;?ecics confirmed that these strains were

Utillontion of spincs. OF 126 strains tested, 30 (6 of which
mwmmmﬂammmm
nopeline or octopine as the sole carbon and nitrogen source
(Table 3). However, only 12 (iwo of which were
Agrobacterium biovar 2) of the 30 strains grew wher. they

L ]

complete fusﬂ:f'.
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TABLE 2. Charaseristics and distribution of the 54 Agrabacieriom Sy sawwsalf fiom soil or pltnt 1«18 from. e Allison Ssvamma

meﬁiﬁwmﬂ-mm
2 3

1 1-2 4
ReS& (1M KB S2R4IIS)  RUBL(N  KNEM(IN  COS*  RSS4(3) SIS0

Ttt+ bt 4+ |8
+ 1414141 ¢4

T4+ 1 +1 401 1 4+1 4+
L++I+III1+III
-

Lh++ 300 0101+ 4+ 4+
L+ 1Ll +++4+ 44+ 11
T+ 1 1 4+++4+1 4111
141+ 4+ 4+4+4 00
+ 141 0 v+ +4+4+1 1
+ 1 b T+ 1+ e

+

* Phyviclogival groups 1, 2, 3, and 1-2 ace oquivalemt to biovars 1, 2, 3 sl 1-2 (6. 39).

* Reference virsin for that physiclogical group.
-mmdumdﬂmmmmmmmmmmm.
4 Number of straina in thal pwmotypic grovp (see footnove &),

* Vine of the fourtesn strains gave the indicated result,

! Thirtwen of the fovrtoen sirains gave the indicated resuh.

repocted evidence for the presenee of Agrobecrerinm spp. in
undisturbed, nonagricultural soils, suggesting that this orga.
nism s not only a sucoessful invader but also a true
inhabitant of the midwest savanna soils. Purthermore, the
dutn show that Ageobacrerinm spp. can reside on the roots of
mative plants, including an unidentified monocot within the
family Posceae.
Predowinance of nonpathopenic agrobacteria.

ﬁﬂﬁmmwm

this otherwise saprophyte imto an active pathogey? Mlarna-
L1 X Y]] (11 1]
L ]
[ ]

TABLE 3. Number of straing using nophle er octopine ev both

3 the sole carbon and nitrogen sovroe il or iquid wedia
' * PR U scraimn

Nopsiins ¢ e Octopine. 1

only mly ¢ o

2 99P=

»® L L .8. L

1 1 1

6 4 1
s 1 2 1
* Thise straiws either i -
R o m octopine or napriiwe.
* Ligwid mediom.
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tively, are these bacterin saprophytes until a pTi infects
them?

Characteristics of naturally occurring agrobacteria.
Agrobacterium biovar 2 sirxins predominated in this study
and consisted of three phenotypically distinct groups. The
largest group of biovar 2 strains isolated had the peculiar
characteristic of not metabolizing erythritol, the carbon
source used to selectively isolate biovar 2 agrobacteria (6,
29). The four biovar 1-2 strains differed from the represen-
wtive biovar 3 strain CG84 in their utilization of erythritol
and hence their growth on medium 2E. The 14 strains
making up the fourth physiological group shared character-
istics of both biovars 2 and 3. Members of this group did not
grow on medium 2DG and differed from biovar 3 in their
oxidase reaction, their ability to use erythritol, and their
inability to utilize L-{+)-tartaric acid: thuy differed from
biovar 2 in their inability to utilize L-tyrosine, mucic acid,
L-(+)-tartaric acid, and malonate.

A problem confromted in this study, as well as in that of
Spiess et al. (35), is how to identify nompathogenic
agrobacteria which do not fit in the accepted biovar group-
ings (16). Hi-waver, we were able to idemtify the savanna
sirains to the penus level by using antisera to 508 ribosomal
suhioits of Agrubecterinm spp. and our limited nodulation
RaalyS.

The existence of new physiclogical groups should not be
surprising, because reports of pathogenic Agrobacterium
strains that do not fit the assigned biovar are common (2, 10,
13, 28, 37; A. R. Anderson, Ph.D. thesis, Oregon State
University, Corvallis, 1978). Future searches for Agrobac-
teriim spp. in new habitats outside mmmes and orchards

of organisms, their adaptation to different environ.
» and the presence of new biovars. Care should be
not to rely sciely on selective media in this search,
because the new biovars may not grow on these media.
muw”wm
Opines, which are chemicals synthesized specifically by
plant tissue genetically transformed by the pTi of
grobacterium spp., are described as mediators of parasit-
ism in the internctions between the pTi, its Agrobacrerium
host, and the tumorigenic plant co:'. (38). In this context. the
- acterium harboring a pTi induces the development of a
crown gall tumor, which is a specific ecological niche for
itself, rich in the opine that only it can metabolize, favoring
its growth and propagation (11). However, it has now been
" established that opine utilization is not confined to patho-
penic agrobacteria. Sirains of nonpathogenic agrobacteria
(18, 24, 25, 27) and Ruorescent pseudomonads (2, 6, 24, 31;
L. W. Moore, Fourth Int. Congress Phytopathol. abstr. no.
141, 1983) were reported to utilize opines. In the present
My,mgﬂmmmmwm&mhm
srew on wlid medium containing opines as the sole carbon
and nitrogen source, but only 12 utilized opines in liquid
medium, This demonstrates that the use of solid medium
be limited to rapid screening of opine utilizers. The
that $3% of the opine utilizers were neither agrobecteria
nt pssudomunads clearly indicates that & large
diverse microbiota can utilize opines. Apparently, a

ArrL. Enxviron. MicrowioL.
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CRO'"'N GALL OF STOXNE FRUIT
I. ISOLATION OF AGROBACTERIUM TUMEFACIENS AND BELATED SPECIES
By A. Kxrr*
[Mansecript received June 17, 1988

Sur.ary

Two distinet forms of tumour-inducing bacteria have been isolated. One
form. readily isolated when macerated galis wera piated on Patel's medium, did not
grow or Schroth’s medium even when antiviotics and other bacterinl inhibitors
were omitted: nor did it produce $.ketolactoss ~vhen grown on lactoss cour. It is
eansidered to be the primary cause of crown gall in at least one commercisi nursery.

The secor d form was rarely isclated from walis or from soil surroundiny galls.
It grew on Schroths medium snd preduced 3-ketolactose, and was designated
Jgrobacterinm ‘zetens. i of e 1 i R

A, tumefae s and this is likely to operate
in “he field, where the ratio two species is niore *han 100:1.

I. IxTRODUCTIC

The nature of crown gall was established by Smith and Townsend (1907) who
showed that the disease is cauved by a bacteriuin whi i they named Bacterium
«umefaciens, jaicr changed b Conn (1042) to Agroba.crium tumefaciens.

In Soutk ..~ ".r:lia, erown gall is widespread an:! scrious, particularly on peach,
almond, anu ° :. It presents considerable problems in nurseries, where disease
incidence is oft.  igh but varies markedly from year to yeur. Although only plants
without galls ure sold by a nursery, the possibility of transporting the causal organism

.
in soil attached to the roots is very real. Yet little is known about the ecalogy of sesete
A . —— *‘.

A. tumefaciens or it ither in eses

- The main reason for this is the difficulty of distinguix seoe
A. tumefaciens from other soil-inhabiting bacteria. Recently, Schroth, Thompéon,
and Hildebrans! /*78%) described & selective medium for the .. tumefacien®®q*
radiobacter : ~. % allowing quantitative assessment of these bacteria in sofles
Where th: "1~ "sntity of a particular isolate, this can be dispelleghe
by a v we production (Bernaerts and De Lev 10G%,.°

It - %7 o techniques would allow a much more detajled e et
study of the .o, auc Jisi-ivution of 4. tumefaciens th... +ad previously been ::::
possible. This paper descriies greliminary investigation: :.rociv directed towards “eses’
assessing the suitability of the solective medium described vy Fchroth, Thompaopr
and Hildebrand (1965) for isolating A. tumefacier.; from soil and from malls.

* Department of Plant Pathology, Waite Agricultural Rosearch Institute, TUniversity of
Adelaide, Glen Osmond, 8.A. 5004,

Awat. J. biol. Sci., 1969, 22, 11718
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II. MeTHODS
{a} Jeclation of Agrobacterium epp. from Soil

The s0il dilution plate method was used: 0-] ml of an mppropriate soil dilution (usu;llg

; Q) was pipetted on to Schroth's medium in » 9-cm Petri dish and spren evenly over

the surface with a sterile L-shaped glass rod. Th. plates were incubated at 27°C for 3 days and
then selected individual bacterial colonies were transferred to nutrient agar siops.

(&) Tsolation of Agrobmcterium #pp. from Galls

Galis or parts of galls showing no sig. of secondary rotting were removed from naturally
infeted plants and thoroughly weshed in tap wates: 0+5-1-0 B of tissue was surface-storilized
@ 0-5% sodium hypochlorite for 10 min, washed briefly, and then macerated in a pestle and
mortar with 10 mi of sterile distilled water. The macerate was transferrod to & steri» Potter—
Elvehjem homogenizer and the pestle depressed. giving a supernatant suspension free from
Inrge particles. The supernatant was diluted (1:100) with sterile distilled water and plated un
Schroth's medium, or, in the later stages of the investigation, on Putel's medium, (Patsl 1926).

A similar method was used for re.isclatiou of bacteria from artificially incculated plarts,
except that a 3-0.om length of stem. which included the site of inoculation, was removed and
macerated in an electric blender before tranaferring to & homogenizer.,

In both cases, zelected colc ies wers transferred o nutrient sgar slopes.

{e) Ident:, nd Pathogenicity of Iolotes

All isolates were tested for 3-ketcum wome production (Bernserts and De Ley 1uL3), ¢ quick:
and specific test for the A. tumefaciens~.i. radiobacter group of bacteris. To distinguish between
A. tumefaciens and A. radicbacter it is necessary to determine pathogenicity. Isolates wore. grown
on nutrier.t agar slopes at 27°C for 48 hr. A heavy suspension of bacterial cells war prepurad and
depasited on young tomsto plant stems which were then wounded by an instrument -*mi! 19 1hat
rivacribed by Huisingh and Durbin (1965} but with no cotton wool. Inoculated pi -ere kopt

+ & tempersture of 27°C for 8 days and were then transferred to a glasshouse. . =ault: wepo
«cvorded after 10 days. Young peach seedlings wers inoculated in the same way & . alae by
wounding roots before applying a bacterial suspension. If isolates produced 3.k tolactoss
pathogens were designated 4. fumefaciens and non-pathogens A. radisbacter.

L LR 1]
1] L3
» [ ]
L]
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III. REsvLTs
(a) lsolations from Soils and Galls

Eighteen soil samples were collected from the sites of erown gall-infett3? Atone
fruit trees in severa! localities, and 36 samples from various other sites, s ¢ no

crown gall-infected trees were observed. From infested sites only one isolate cut * e

of 185 tested was pathogenic. No pathogens were isolated f; iteg (Table 1).
L]

Because of the infrequent isolation of A. tumefaciens from soil, isolations from
galls from six different localities were attempted using the same selective medium. .

From 33 galls. 385 isolates, all ketolactose-positive, were tested for pathogenicity;
only five were pathogenic (Table 1).

(8) Inoclation of Tomato Plants wiith A. tumefaciens and A, radiobacter

Since differentiation of species is based on pathogenicity, a loss of virulence
following infection could explain the difficulty of isolating 4. tumefaciens from
natural galls. Alternatively .d. tumefaciens could be swamped by A. radiobacter
after tumour induction. These possibilitics were investigated. Tomato plants were
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inoeulated with A. tumefacicns and d. radiobacter hoth separately and mixed in the
reifo of 1:3. Galle developed following inceulation with A. tumefaciens and with
the mixture. Bacteria were isolated from inoculated plants over a pericd of 8 weeks
using three plants per treatinent. On each occasion 30 isolates were seleeted at
random from each treatment and tested for pathogenicitv. Results are given in

Tapre 1

FREQUENCY OF RECOVERY OF PATHOGENIC ISOLATES FROM GALLS AND
FROM SOIL PLAYED ON SCHROTA'S MEDITM

Source
A
I ¥

Soil Rurroundi
Galls ol Surrounding o\ 1 g oile
Galls

Xo. of samples 33 18 38
No. of isolates ‘88 .

No. of pathozenic
isolates

No. of samples yielding
pathogenic isolates

TasLe 2
NTMBER (OUT OF 30) OF PATROGENIC IS0LATER FROM TOMATO STEMS
INOCULATED WITR 4, JV'UMEFACIENS. A. RADIOBACTER, or A
MIXTCRE OF BUTH {IX THE RATIO 1: 8)

No. of Pathogenic Isolates ai
Various Wecks after Inoculation: Total \
p A —, Pathogenic
01 2 38 4+ 5 6 & Inclates

Incculatad with:
A, tumefaciens 329 306 30 28 29 25 28 30 229

/ Mixt 7 8 6 9 8 7 56
/3 ixture f

]
§ % o N Y W

3
Yie
A, radiobacter o 0 0 O O o o¢ 0 1]

L

L]
[ ]
o9 Sees

Table 2. Of 240 isolates tested for each treatment. plants inocnlated with A. tugre-2
faciens yielded 220 pathogens. those inoculated with the mixture, 56 pathd3dfe,

and those inoculated with 4. ::diobacter, none. It can be concluded that s marked

change in vothogenicity is unlikely to occur followin%_jlj&nl&tinn_ﬂ@.t

A Tamefr Je  _.is not swamped by A. radiobacler after tumour induction.

Lir .ucott and Lippincott (1967) have reported that the presence of non-
pathop - : isclates of .A. fumefaciers restricts tumour induction by pathogens,
pre- ly by vompeting for infection sites. As the ratio of pathogens to non-patho-

L LT S
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gens in infested soil appears to be less than 1:100. the possibility . interference was
investigated. Bacterial suspensions of {. tumefariens and A. radiobacter were mixed
to give a ratio of 1:100 and then seriallv diluted. The pathogenicity of the mixture
was compared with that of a pure culture of A. tumefaciens also serially diluted.
Numbers of bacteria were determined by plating before inoculation. Young tomato
plants were wounded in four places with a blunt needle and 0-03 ml of bacterial
suspension deposited on each wound. Stem diameters at ingculation sites were
measured after 5 weeks, and the results are shown in the following tabulation:

No. of A. tumefacicns cells
per wound 12-3x 108 12.5. 103 12:5 > 102 12-5
Mean diam. (em)® of tomato stems
following inoculation with:
d. tumefaciens 1-61t 1392 1-083% 0. 794 0-65%
Mixturet - €-834 0-89% 0-84% 0-85%

* Means with different superscript numbers are significantly different at the 12, level.
t 4. tumefaciens and 4. radiobacter in the ratio 1:100,

The presence of A. radiobacter markedly restricted or completely inhibited tumour
development, depending on the number of 4. tumefaciens cells per wound. These
results confirm those of Lippincott and Lippincott (1967) who showed that the inhi-
bition is fairly specific; unrelated bacteria and some strains of Agrobacterium failed
to inhibit. This might explain why Beaud, Manigauit, and Stoll (1963) found no
evidence of inhibition.

(c) Pathogenicity of Isolates to Peach and Tomato

These results cast doubt on the value of Schroth’s medium for isulatingi'":'
A. tumetaciens both from soil and from galls though there is the further possibility eeee
that isolates from stone fruit may not be pathogenic to tomato. Six patgoggni.c and’eese”
100 non-pathogenic isolates. obtained during the present investigation® as*uPll as o
12 pathogenic isolates supplied from other laboratories within Auwu!fin.zwere e
inoculated into both tomato and peach plants. All isolates pathogenic te {omato , _ .
induced crown gall development on peach stems and roots: all other inigtag were®,,* ¢
non-pathogenic to both tomato and peach. R

[ ]
(d) Pathogenicity of Bacteria Isolated on Schroth's and Patel’s Media “eldes

It would seem that the most likely explanation for the infrequent isolation of*eese
tumour-inducing bacteria from galls, or from soil surrounding galls, is that the medium
described by Schroth, Thompson, and Hildebrand (1985) is not suitable. This was
investigated by plating galils on both Schroth’s and Patel's media and determining
the pathogenicity of isolates. Young galls were coliected on three separate occasions
from peach and plum seedlings in a commercial nursery, macerated. diluted 1:1000,
and piated on both media. Isolates were obtained from individual colonies on each
medium and tested for 3-ketolactose production and for pat genicity to tomato
(Table 3). Of 112 isolates from Schroth’s medium, none were pathogenic; although
all produced 3-ketolactose. Of the 117 isolates from Patel's medium. 83 were patho-

[ ] L ]
sESee
L ]
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enic.  Of the non-pathogens. approximately half produced 3-ketolactose and can
be_designated 4. mdiobacter: the remainder have been identified as Enterobacter sp.
{Hayward. private communication) and were readily distinguishable from the patho-
gers by cultural appesrance. The inability of the pathogenic isolates to grow on
Schroth’s medium was confirmed by plating the bacteria on this medium. when
no growth was observed. Nor will they grow on Schroth’s basal medium which lacks
antibiotics and other bacterial inhibitors. These isolates are tentatively designated
Agrobacterium sp. and six were tested for pathogenicity to peacii. All induced crown
gall development.

TanLx 3

3-KETOLACTOSE PRODUCTION AXD PATHOGENICITY OF BACTERIAL
ISOCLATES FROM GALLS PLATED ON BCHROTH'S AND PATEL'S MEDIA

Xo, of Isolation

Isolates Medium 3-Ketolactose  Pathogenicity

112 Schroth
17 Patel
85 Pate]

15 Patel

IV, Disceasiox

Crown galls collected from one nursery were plated on both Schroth’s and
Patel’s media. As tumour-inducing bacterin were isolated only on Patel's medium,
it seems clear that Schroth’s medium is not snitable for the isolation of these bacteria.
That this applies to samples from other areas is suggested by ihe very infrequent
isolation on this medium of pathogenic bacteria from 33 galls taken from six differsnt
localities.

Nomenclature of the isolates deserves comment. Pathogenic isolates were
designated A. tumefaciens and non-pathogens A. radiobacter if they oould S9N vun
Schroth’s medium and produce 3-ketolactose when grown on lactose sgui '!'ui
is a very arbitrary identification but is nevertheless very convenient for distingginhi
these isolates from others, tentatively designated Agrobacterium sp., which can inﬂn;:n
crown gall but cannot produce 3-ketolactowe or grow on Schroth’s medium even,tagn
antibiotics and other bacterial inhibitors are omitted. Final identification agaitd
detailed taxonomio study, but all three types would be included in phencn T ‘of
Thornley (1987) along with other agrobacteria (Hayward. private communication).

1t is relevant that De Ley ef al. (1966) found that 4 of 28 strains of A. tumefaciens
did not presduce 3-ketolactose. —

. tumefaciens and the Agrobacterium sp. produce identioal symptoms
when inoculated into tomato or peach. The frequent isolation of dgrobacterium sp.
would suggest that it is the primary cause of crown gall in at least one nursery.

. —— n-v-—-—.-.-.-..—-—.]i
.
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The role of 4. Limefucienx is puzzling. It is rarely isolated from galls and this
canuot be explained by a loss of virulence following infection. because when plants
were inoculated. more than 5%, of the re-isolates obtained over a period of 8 weeks
were pathogenie. Nor wag || tamnefaciens swamped by A, radiobacter when a mixture
of the {wo bacteria in the ratio 1:3 was inoculated into tomato. The ratio of the two
organism- hefore. and for 8 weeks after. inceulation remained relatively constant.
The evidence indicates that the infrequent isolation of 4. tumefaci=ns from natural
samples reflects its low numbers in the field.

In soil. the ratio of A. tumefaciens to A. radiobacter is less than 1:100, but
when these organisms are mixed in this ratio and then inoculated into tomato stems,
gall formation is either completely inhibited or markedly reduced compared with that
induced by the same number of 4. tumefaciens cells in pure culture. In other words,
<. radiobacter inhibits gall induetion by A. fumefaciens. As s0il is the only source of
inoculum for natural infection of plants, these results suggest that 1. tumefaciens does
not cause natural infection. Nevertheless .. tumefariens was isolated from two galls.
It is possible that there are local pockets in the soil where the ratio of A. tumefaciens to
. radiobacter is greater than 1:100. Another possible explanation is that there is a
transfer of virulence from the dgrobacterium sp. to 4. radiobacter. changing the latter
into A. tumefaciens. If this were a relatively rare occurrence. it could explain the low
numbers of . tumefaciens in the ficld.
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M. N. Schroth, A. R. W einkold,
A. H. McCain, D. C. Hildebrand,
awd N. Rosy

Biology and Control of
Agrobacterium tumefaciens*

INTRODUCTION

THx sacTERIUM Agrobacterium fume-
faciens has an ubiquitous host range
among dicotylendonous plants and
causes discase in many parts of the
world. Disease incidence has steadily in>

.oreased--in-many COslifornmia nurseries~
and .orchards-slong with their.increase.

in-produetion: In 1968 erown gall was
Judged one of the three most important
tliseases on 14 major crops in Califor-
nia, causing an annuai loss of $7 million
per year (University of California
Plant Pathology Statewide Conference
on Plant Discase Losses Committee,
1965).

Although A. tumsefactens has been in-
tensively studied for over 60 years, tittle
data exizt coneerning its biology in »oil.
It is not known how long the pathogen
survives, what factors favor its mmiti.

plication, whether it is a rhisoaphere
organism, and what the best methods
are to eradicate it from soil. In response
to the request of California growers for
assistance in controlling the disease, sn
investigation was initiated to study the
biclogy of the cx sl organism and to
develop economieally feasible eontrel
methods.

Bome of the information resulting
from these studies has already been pub-
lished (Ross ¢f al. 1970). Although there
still are no specific answers to ail of the
questions mentioned, this report con-
tains the latest information on the bio-
logy of the organism and describes our
techniques for studying the organism
and reducing loss from crown gall dis-
ease. Table 1 lists the organisms used in
the study.

ISOLATING THE ORGANISM

Bfficient methods for isolation.and
rapid identification of the 4. fumsefac-
logy m-woikend the lack of such methods
in largely responsible for the scanty at-
tention given to this aspeet of the dis-

rot slices and inenbating them for 10
to 15 days (Ark and Bchroth, 1958).
The development of galls indieates that
A. tumefaciens is present in the esth
However, this method does net W
quantitative data abaut sbe poptlatien

ease cyele. Therdm,wedevelopedwthuoﬂmdhuthéfuﬂhdhdm-
for selectively isolating agro- tage that carrot sliceg, grg often rotted

woil. The first method con.
sints of placing soil directly on fresh ear-
* Submitted for publieation April 30, 1970,

by cther bacteria. s s
The second ioolatign.: Procedupe gng

(597 3,0
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Tamx 1
ORIGINS OF ISOLATES USED IN THE STUDY

Genus and iscinte numbee Tscluted frem

rebdirarem——
—

Soures

Agredncterium radivhevier
Rad-1. ... .
Rad-2. ..
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pps 55 qin

FRNWNKKKMNKY WY KKKKKN S
add

thitdhLL Liddd Ll R Y.

Boil
Soil
Boil
Hoil
Soil
Heil
.| Beil
.| Beil
.| Soil
Beil
.| Sl
.| el
. | Rows
Rose
Achillan
.| Almend
.| Almend
..| Applu
o[ Apeions
Apriont
Apriont
Bryephyllum
. { Nryophyllum
.| Beyephyilum
Tnorzee sndur
| Par
..| Dablis
.| Dedennen

KgRKEN KN
Hmw>w

g

Yo

i
3

g
g
£
7

Shirley Xash Bmith

A * Alchough these riznine wees isointed from tumors, they were net virulent and sould therefore ales be considered to be

sisted of plating soil on a seleetive-me
¢t al,, 1965) compowed of

A. radicbacter, and its pixting-eficiency
is indicated by the fact that averagero-

& combination of antibioties and nutri-  eovery-of-eslis-of-different inciates intzo.
ents that exclude over §9 per cent of the duweed-4n10-20il-wan-38-per oot How- o
microorganisms which develop on stan- ever, certain straing of 4. lumefacied’"? o
dard media. 4. tumefaciens and 4. re- do not grow on it. Thirty-nine straith *
ﬁ@u&n colonies are easily distin- of A. fumefaciens were compared fow
guizhea from other bacterial coloniesby growth on this medium and on potato- .e
their charasteristic appenrance, Theme-  dextrose-peptone agar (PDP). T8 .00
dium has been useful in assaying soils tenths mi of a 10° esll per m! of muspen- §
for populstions of A, fumsfaciexs and sion wax pipettsd NS the surfaces ¥ **°
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Tamz 2

NUMBER OF COLONIES OF A. TUMEFACIENS FORMED ON VARIOUS
MEDIA WITHOUT S0IL SOLUTION®

Medivm

PFatel's

Number of evienion

g5

TduR:3028

B,

1.0
5
1.
N

]

n
LN
10,400

L
m

ber of eolonim formed 1 of bagserial
m‘h:vmthmmdlwﬂmhu.‘ “n.:o:-mm vl o per ! PR 0B

the ‘media and . distributed with an L-
shaped -glams rod. -Only—17 of -the 39

ltnmwm the weleetive-medium, ..

used, ax the medium was developed by
plating »oil solutions on it, recording the
resuits, and then adjusting the balance

P, «of nutrients and antibioties. The selec-

(lm)mpmthatmel&ram
oceuring in Australia do not grow on
the selective medivm. This is probably
because of the Australian isclates’ in-

ahilnytommtrate we_have found
e 1 xf lmom

lelectwe medium ix ef-

fective for isolation purpcses, it is not -

a good medium for enituring the organ-
mmabalnyofnmcunmtopm
duce single cclonies in Patel’s medium
(Patel, 1926), PDP, nutrient agar, and
the selective medium without scil solu-
tion, was evaluated by plating a dilu-
tion series on these media. The greatest
number of colonies developed on nutri-
ent agar, and the least on the selective
medium (table 2). Theplatmgm-y
of cells introdueed into soil wax S8 per
oent, but the xverege-number-of-eolonies .
formed-on-the seleetive medium without
ﬂluﬂmmmlym;nwmt,
' mpcud to ﬂm on yutrient ager.

medium operstes effectively ag an iso-
lation medium when a soil suspension is

tive medium probably lacks compounds
required for baeterial growth but which
are present in the wil sclution. Thusthe -
medium -is-ewentially a besal medium
until soil solntion i sdded:

‘While dﬂthpmg the selective me.
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dium it was noted that some straing did *
not grow tmiem 1 heavy suspension or”

a mam transfer of cells was applied Yo
the medium. This also oecurred with
other media such as PDP and nutrient
agar. The problem was solved by first
incorporating sterile culture filtrate into
these mediz, Striking results were ob.
tained by soaking filter paper dises in
bacterial filtrate and piacing them on
a PDP dish previously seeded with the
filtrate requiring strain at a cell ecount

Schreth ot al.: Biology ard Control of dgrobacterixm tumefacisns

of 10" per ml (fig. 1). Growth waz ecn-
siderably greater zbout the discs, and
in some cases (as with strain R-12)
growth occurred oniy around the dises.
This suggests that data collected from
plate counts should be evaluated pre-
cisely, as poor nutrition or lack of
growth requirements may resuit in
kighly inaccurate counts. Colonies often
may develop only if there is an aggre-
gate of cclls present, and not from a sin-
gle cell.

IDENTIFICATION OF A. TUMEFACIENS

The Bernaerts-De- Ler test {(Ber-
naerts and De Ley, 1963) for 3-ketogly-
coside-formation-is-a-gimple, rapid test
for genernl identifieation-of-the-4A. fw
mefaciens-radicbacier groups The test is
performed by spotting suspected Agro-
bacterium(4 to 6 spots per plate) on the
Bernaerts-De Ley medium (0.1 per eent
yeast extract, 1 per cent lactose, and 2
per cent agar). The plates are incubated
at 28°C. for 1 to 2 days, then flooded
with Benedict’s reducing sugar reagent
at room temperature. The formation of
a yellow ring around the colony after 15
minutes t¢ 1 hour ix indieative of both
A. tumsfaciens and A. radicbacter.
However, we have several strains which

do not form these substances. S8imilar
non - 3 - ketoglycoside - forming strains
have been reported from Australia
{Kerr, 1969).

At present there is no rapid method
for distinguishing between 4. tumefa-
cieng and A. radiobacter, although wero-
logy shows promise for doing this. The
best present method is to incenlate a
host plant. This is most easily accom-
plished by inoeulating either earrot
slices, young tomato, or sunflower
plants; tumors will appear approxi-
mately 7 to 10 days after inoculation if
the bacterium is A. twmefaciens. Care
must be taken not to confuse wound
calius tissue with gall timue.

SURVIVAL OF A. TUMEFACIENS IN SOIL

The ability of A. tumasfaciens to sur-
vive in 20il for long periods is controver-
sial. Reports that the organism is not a
good soil inhabitant (Hildebrand, 1941)
may result from lack of adequate tech-

licbacter on the selective medium dis-
cussed above indicated that both or-
ganisms are widespread in Gelifornia~

wils. A iwmefasione-was.detested.in-18- »
soilsdesteds Only

ane of 28 Califor- »

nigques .or ml;ﬁngmhuum.m. nia soils tented failed to yield 4. radio- ¢°°°*°
hility-of-th T tu S0t “bacter when plated direetly on the se- ,®°ve
W&Wﬂgmﬁiﬂm—mm WS °°°*
catee._js.affacts the type.of.eontecl pro-—. secovered even from this soifwheb the °
cedure to spply- (Sueh-ax erop rotation, seleetivg medium wag vasd MMEIRgich. o3+
woil fallow, fumigation, or movement of ment medium: For this purpoe Jf se- + ses
& rursery to an area known not to have lective modmmwupnpud.ﬂthﬂm o’ *
supported host plants). mrlmmofnilmaddqglmml .
Tnolation of A. ftumefaciensand A. ra- of the broth, and the mixture was inen. s o
..‘.
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POPULATION OF A. TUMBFACIENS AND A. RADIOBACTER [N SOIL A8
DETERMINED BY PLATING ON THE CROWXN GALL SELECTIVE MEDIUM

e e e e e e e
.
Population per gram of ssilt

Crop

A. redishecter

wre = raaniemn from & ekl
R T i ]
bated for 48 hours after which two-
tenths of a ml was plated on the stan-
dard selective medium. Table 8 shows
that the ratio of A. fumefaciens to 4.
rediobacter in even of the eighteen acils
harboring both species varied from 1:13
to 1:500.

The-lowest-rxtio-ooenrre@ i Warsery
wils where- stone froits had been
planted. The grass pasture (Salinas soil,
table 3) had, supposedly, never besn cul-
tivated and had not supported host
plants other than dieotyledonons weeds.

'umigstion with methyl brenvide-oh
%%Mhniﬂhhbﬂwdth'

selective mediam because of a particular
colony appearance, such as a deep-red
color, Thewe strains could be used o
study population dynamics in scil.
above findings indieate that -
PaEE A { 11T eee L _ferams .-.,.,

The

rectad --‘ -ﬂ(
eation in the rhizospheres of plants and
occasional increase by infection of sus-
There is no ammurance, therefore, that

Wehave-aivo- iwlated—t—tumefocions - planting of nursery trees in soil not

Loowr-thver—cther-fiekdr-notr-imown-
thamn
weeds, A, tumsfaciens was also oecasion-
ally isclated from soils of eotton and
tomato fields and from fields left fallow

Additional studies.on populstiona of
4. Mifﬂ“ﬂinlﬂlh‘?!nﬂ'm

and avirulent strains. However, certain
straing of A. tumsfaciens can emsily be
distinguished from other straina on the

known to have supported economic host
plants will result in the production of
disease-free troes. The ability of A. fu-
mefaciens to survive in the scil is not
unexpeeted because A.: -vadicdacter, .

» b." i I.I ll

Dickey (1961) reported that e bews-

m

tumblers without the presence of  hdst,

and in view of this he conel
the orgapism must be
succemful acil imvader,

a
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ATTRACTION OF AGROBACTERIA TO ROOTS

A. tumefaciens commonly attacks the
erown a: 1 roots of plants. This and the
observrtions that members of Rhdiso-
bium, a genus related to 4 grobacierium,
often aggregate cround roots (Fah-
raeus, 1957; Thorton, 1936) prompted
an investigation to ascertain if A. fume.
Jacisns also might be attracted to roots.
An abstract on this study has been pub-
lished (Schroth and Ting, 1866).

Seedy of pea, mung bean, tomato, to-
baceo, bariey, and cucumber were steri-
lized in & 0.5 per cent agueous solution
of sodium hypochlorite for 3 minutes
and then germinated on moist filter pa-
per in petri dishes. Excised root and in-
tact seedlings were placed in drops of
water containing bacteria, placed on mi-
croscope slides, and covered with a cover
slip. Movement of bacteria was observed
by phase microscepy at 400x.

Bacteria of most strains were obser-
ved to cling to root hairs and zones of
elongation of roots on all plants exam.
ined (fig. 2,A, B). Strands of bacteria

tween them (fig. 2A), Only 13 of 48
strains of A. tumefaciens failed to ac.
cumnulste around root heirs. Generally,
the aecumulation of bacteria around the
hairs was slow, but bacteria often could
be seen darting to a specific site on a
root hair, oscillating for one to several
seconds, then departing in another di-
rection. This specific site would be vis-
ited by a number of bacteria. Broken
root hairs also appeared to be major
sitex for bacteria accumulation. There
was a distinet zone of repulsion around
the root-cap zone of all plants,

It is tempting to specnlate that bac-
terial accumulation in roots and wounds
Eﬂ ve an important role in the initi.

of disease. However, it is also pos-
#ble that the phenomenon may not op-
érate in the rhizosphere becanse of the
effect of other microflorn and charged
soil particles. Although-this phenome-.
non - has—-been - -observed--hundreds of
times; attraction of agrobeeteria-to-root -
hairs-dees not- always-coenry-often we
mARE Yerernt-testy-before-attraction oo

were often observed between two root —surs..Attempts to determine the souree

hairs, as if there wag an attraction be-

of variability have failed,

SEROLOGY OF AGROBACTERIUM

Many techniques have been unsue-
cessfully used in attempts to easily dis-
tinguish A. fumefacisns from A. radio-
bacter. The principle characteristic dis-
tmguuhmg A, tumefaciens from A. ra-
dvobacier is its ability to cause tumors,
However,

HeoohatoraanieSolonid M) ep]
MMW (Pe-1), dahlia (Dah-1), pear (CG 1);
intien-of founxizulens-end-four-gviru~ apricot (Apr-1), and bryophyllum (B.

lent-straing ol deinmefasioncend-omm-= 38 B-48 and B-56). Thejm.;vim

distinguish between virulent and aviru-
lent strains. A. rhisogenes and Rhizo-
bium species were included in the in-
vestigation for comparative purposes.
The 12 virulent strains of A, tume-
faciens used in the study were from
um (Pl-1), almond (Al-2), peaeh

MWM—I:M wolates tested were Srcln:ap .

used to.identifx stoainaod

An investigation was therefore made of
the serologieal properties of A. radio-
bacter and A. fumefaciens, ax this would
greatly asist a study of the population
dynamies in soil since it is necessary to

(Ap-1), poppy (Pop-1), cedar r (Chd- 1). .
and strain Aeh-1 (which virn- *2°
lent in cultun) from Achillsa .

strains, since they are avirdMgi*{schni-
cally, probably should be oid 4, ra- *
dsobacter. Beeause strain Ach-1 init® .°

.'..
s
- L ]
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Fig. 2,4 and B, Accumulation of £. fumefaciens oells arcund the root hairs of a tomato plant.
4 also shows a lins of bacteria as commonly obeerved between two huirs,

ally was examined for purity only by
streaking several times on a medium, it
is possible that the culture wag a mix-
ture of A, tumefaciens and A. radiobac-
tar.

Other organisms tested were ten
strains of A, radiobacter (table 1), RAi-
sobium japonicum, and R. melilofi, and
two isolates of A. rhizogenes.

Antisera-for 4. tumsfaciens straing
(CG-1, B-38, B-55, Al-2, and Eu-2)
were—prepered—from-zabbits, injected-
with aeetonedrested-treterial-celly and
whole -cells, using techniques deseribed
by Kabat and Mayer (1961). Serclogi-
cal relations were determined by means
of the Ouehterlony..(1958) donble-gel .
diffusion test. Titers of the antivera
after coneentration with (NH,).80,
were between 3,000 and 5,000.

Results from challenging the ant.gens
from A. tumefacsens and A. rediobacier
strains against antisera of A. {umefa-
ciens suggested that 4. tumefaciens pos-
seaved a distinetive antigen. Four to
five linex with one dominant line & being
formed near the antiserum well and
ancther b near the antigen well, consist-

ently occurred when challenging A. tu-
mefaciens antigen againat antisera of A.
tumsefacisns. Some of the lines were
broad and could be divided into addi-
tional lines, using different techniques.
The two exceptions to this serological
pattern were with strain B-38 (rose)
and Dah-1 (duhlia), as a b line was not
formed next to the antigen well when
when challenged against antiserum
from other strains. However, antigen of
B-38 produced line b when reacted
against its homologous antiserum. Anti-
serum was not prepared for Dsh-1;
aceordit 1y, the antigen of CG-1 &d
not produce line b when chailenred
against antiserum

logient-puttern-between- 4. rudiobacter .,

strains, or avirulent strains, and viru- *

lant A. tumsfaciens straing, that
themtigenfromnoneofthem t
strains produced line d when e&llengcd
against A. tumsfacisns antid§®*The
one exception to this observatifm,¥rus
strain Ap-1 (apple) which wasdgelnted
from a twumor but which did, gyt pro-
duce galls on test plants,
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Antigen from R. melile$i reacted
with antisera of 4. {umefaciens and pro-
duced one precipitin line next to the
antiserum well and the cther in the mid-
dle between the wells. A positive agglu.
tination reaction was previously re-
ported by Graham (1963). R. japani-
cum did not produce a reaction.

Gel-diffusion tests indieated that A.—
- e ¥LUTRT Etralir dan consistently be

rRizogenes was not serologically related
to A. tumefaciens, since precipitin lines
were not formed. Attempts were made
to separate the various antigens with
Millipore filtration, and with differen-
tial extraction using physiological sa.
line. The degree of separation of the
sntizens was tested by the double gel-
diffusion technique previously used.
Cells were grown in nutrient broth plus
1.0 p :r cent glucose, centrifuged, and
washed three times with saline. The an-
tigen cxtracted ~ith each washing was
precipitated by acetone and then tested.
The separation of antigen was a!fected
by pressure filtration through & 0.22-x
Millipore fiiter,

h the saline and Millipore filtra-
tion technique gave some separation of
antigens. Although the first washing of
celly with saline contained portions of
all the antigens, the second and third
washings contained mostly antigen .
This suggests that perhaps this antigen
is more closely associated with the cell

wall than antigens easily removed. With
Jillipore filtration, antigens a and the
middie ones passed through the
filter, whereas antigen b wag mostly
retained.

Beertwe of two-exceptions to the find-
ings-that-preeipitin line d ig specifie.to
4. tumefucions, results are inconelusive
mv-to~whuther or-not-the-virglent A.

seyolegiexty - separated-from - avirulent
straing and more work should be done
to ascertain if the exceptions are au-
thentie. Possibly, strain Ap-1 might
produce a tumor if inoculated during
certzin environmental cenditions. The
fact that antigen of B-38 produced a
precipitin line next to the antigen well
when challenged against its homologous
antiserum—but not against antiscr~ of
other A. tumefa-ienz strains—sugy . sts
that the correlation between virulence
and the formation of the precipitin line
next to the antigen well may still hold,
but that there may be some variation in
the nature of the b antigen in virulent
strains.

These findings are similar to thowe of
Schnati.orst et al. (1964) who reported
that virulent isolates differed in anti-
genie atructure. They also found that
the line next to the antigen well was
associated with virzlent isolates (J. E.
De Yay, personal cornmunication).

PHYSIOLOGICAL TESTS

Physiological tests Hivériot appeared
satisfactory-for-differentintingeA- fume-*
feciens frome-d--radiebaster~However,
gveral tests have been cited as useful

identification purposes with the ag-

The physiology of eight California
inclates of A. tumefacisns and seven of
A. radiocbacter were compared, using a
small number of tests to determine
whether there were any groes phyuiolog»
ical differences between the two species
and bo determine variation within the

the-stixty--imeluded nitrate reduction
(Bociety of American sacteriologists,
(1957), oxidase test (Stanier et al.,
1966), 3-ketoglycoside formation (Ber
naerts and De Ley, 1963), and

hydrolysis (Society of American Blp;,,
teriologists, 1957). The ion®gf,."

acid from 17 earbohyd Irds tested,,
using the basal mediu Awi-ihed bye

Hugh and Leifson (1953).2 "
Table 4 shows that vn'dlent andses

avirulent isclates could Yd¢he distite
guished on the basix of theweeleats. The®

spesies. The-phywictogieat-tests.used in__tests also demonstrate the hasard offgh" e
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taching significant value to any partie-
ular test, as there was considerable vari-
ation among the isolates. The ability to
reduce nitrate varied among strains of
a species, and slight differences were
noted between species. Most straing pro-
duced a positive reaction with all car-
bohydrates tested except glvcogen.
They all produced a positive oxidase
test and a negative starch hydrolysis
test. Isolate R-12 was the only strain
which did not produce 3-ketoglycoside.

Ag pathogenicity .has been-the-only

basig for placifig AT Himefaciens and A, °
radiabacter..in. separate species, these
data and those of De Ley (1968) and
Graham and Parker (1964) suggest
there are no-taxonomic data available
to merit such separation. Even though
there may be some serologieal differ-
ences, they alone cannot be used ag a
basis for speciation. It is unfortunate
that the splitting of 4. tumefaciens and
A. radicbacter, as with many baeterial
groups, has not been based on compre-

* hensive studies.

DISEASE OCCURRENCE

Diseaze ineeption in stone fruit and
other trees can oceur at any time during
the life of the tree as a result of a
wound caused by growth, frost cracks,

or mechanical injuries. ThH Freatest in=

cideried™of : disense, “Howsver;"o8turs it
the oyl ¥ prineipally " Jutiny’ (1) the
germination process (as in peaches and
almonds) when there is abrasion of
radical or epicotyl against the rough
s2ed coat, (2) the harvesting of liners
and the subsequent planting in nursery
soils, (3) final harvesting of trew for
the market when a blade or other device
is vsed to uproot the tree from the soil,
and (4) the storing of trees in sawdust-
sand healing-in beds. 3

cooperate to prevent ship-
ping of infected trees, they ean elim-
inate only those having visible symp-
toms hecause of their inability to

vesting . period. If infeetion does not
oecur during this process, there is an
excellent likelihood that it will oceur
when trees are placed in healing-in
beds. An-anaiywis of the materials nsed +
in_bealing-inrheds has-shown that an
ineidence of the organism as high as 500*
oells per gram of soil-is n

g the dizaase pntiral

still oceur, since the compost
becomes contaminated with the patho-
gen present in incipient gally and in
soil clinging to roots of trees placed in
the beds. Rigorous procedures used by
nurserymen to eliminate the disease,
combined with periodic inspection, have
greatly reduced the number of diseased
plants set in orchards, but until an ef.-
fective dip treatment is developed there
is no practieal method of insuring that

discern diseased trees having incipiens trees sold will be disease-frec. Infestion.
indestinnascr which have been contam- . 4 .
inated during harvesting. It is not un- j in. the.or i ingeeees
common for a nurseryman to diseard 5 We have often detected the OTERNisM iReq,
to 80 per cent of his trees because of field woil (also, contaminased wwoil frofeess®
the disease and then to sell the re- the nursery usually clings ¢o ﬁlg'rootl). .
mainder of the so-called healthy trees, : 5 in-the=s
\ umed~that-if~5 fleld-ss a resolt of injuriesSeadsed by *

. t0 80 per-cemt vt tlié tides Were inféeted = cultivation, although.this mal’® not ad® -

and disearded; the apparently-healthy- engliy
: ~Aks--contaminated,, and

man
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dmg‘?_tg the trees, because the restric-
tive effect of the tumor on translocation
of solutes is small. W

infe W

t‘lﬁl?ﬁ’d&“ﬂﬁ%kmmwti
an v maturity the tumor radiates

from the center of the tree to the ex-
terior, and in many cascs restricts flow

f nutrients in the tree. This causes a
serious disruption of translocation, es-
pecially when the tumor hecomes mori-

S47

bund and, ax often oceurs, is invaded
by heartrot fungi.

Because- infection-oan - ceeux: during
various stages of the lifaof the tree, it
ia difficuit to “state with- certainty
whether infection of a tree has ocenrred
in the nursery or in the orchard. This
has been a topie of controversy among
growers and nurserymen, especially
when a large amount of erown gall has
heen detected in young orchards,

CHEMOTHERAPEUTIC CONTROL OF
CROWN GALL TUMORS

An effective chemotherapeutic treat-
ment using Bactiein® has been devel-
oped that successfully eradicates crown
gall tumors from many plants ineluding
peach, cherry, almond, pear (Schroth
and Hildebrand, 1968), walnut, and
rose. Bacticin selectiv: ely penetrates and

removed. The cracks and folds on the
rough exterior of a tumor probably help
to retain the chemicals. preventing
them from flowing into the soil and
allowing more to be absorbed by tamor
tissue. The~tamor~should—remnin ex-
powed - st-least-for-severnl- wecky_after .

eradicates neoplastic tissues. The-switi-= _tosatment -sinee-eoveryge with-woitap®

cal-time-to-use this materiai-to-eontrois
the disezse is during: the first~several
years of t.¢. growth—therefore exam-
ination of 1" - -own region of a plant
for tumors should ineclude the area
below the soil line, as this is the pri-
mary site of infection. Many _treeg in
an orchard may -be-affected-by-the dis-
ease,although—growers_may _not_be
aware-of-it-until-the -vigor-of-the-trees-
hag declined. Examination of the crown
shonld be conducted after the first year
of planting, using a method which. does
not cause injuries; currently, the ree-
ommended soil removal procedure is the
use of an hydraulic system (Ross et al.,
1970).

Exposed ecrown gall tumors are
treated by a liberal application of Baec-
ticin to the entire tumor area, with
some overlap onto the surrounding
healthy tissucs. The tumors should be
relatively free of soil. To conserve ma.
terial, some growers remove most of
each tumor with a hatchet, although
some reports indicate that treatment is
less effective when much gall tissue is

pears . Crown gall
tumors should be dry l‘t the time of
application for better penetration of
the oil carrier into the tissues. Although
penetration of a tumor 4 inches in dia-
meter oceurs within 24 to 48 hours,
death may not oceur until after 2 or 3
months, or sometimes 4 months in
winter.

ever, tumory over 4% lnchu in diam.
eter may sometimes require two appli-
cations, especialiy with pears and cher-
riez where the tumors appear to be more
resistant to the toxic action of the hy-

drocarbons in the material. Extensive
testing by growers and farm advisers
has shown Bacticin to be highly effec.
tive against ernwn gall on almond, apri-
cot, peach, plum, pear, and cb"i;:t
“ork; equally well ngalnlt olye

tumors caused by . W
ianoi, In 1966, 299 crown gall tpym@s
were treated on stone fruit and '
trees. Of these, 274 were eradieafdf Lad
25 had 50 per cent or more of the fum
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tissues killed; most of the 25 that econ-
tained live tumor tissue after treatment
had been incompletely covered during
applieation (Sehroth and Hildebrand.
1968).

When tree crowns are encompaseed
by tumors, only 33 per cent of the
crown ares should be eovered with Bae
tiein at ome applieation because com-
plete coverage at one time may damage
the tree. However, some browning may
occur on healthy tissues adjacent to the
tumor. Because translocation of materi-
als occurs through tumorous tissues,
their eradication may affect the supply
of materials to the adjacent tissues.
Also, the tissues immediately surround-
ing the tumor appear to be more sus.
ceptible to the toxic action of the com-
pound, présumably-beeavise-the. divense.

has-some-effect-onsurrovmding heaithy -

tissue (Behroth and Hildebrand, 1968).
B Niwht I .

mnerease *

phytotoxiaity, it may be necessary to
dilute Baetiein by 20 per cent or more
under certain elimatie eonditions.

A long-term effect of using Bacticin
to control tumors has been favorable.
After 4 years of observation we con-
clude that Bacticin does not retard
callus formation around the tumor site,
and that there seldom is evidence of
regrowth of the tumor or produetion of
new tumors around the original site,

Crown gall tumors have been treated
over the years with other chemicals
such as antibiotics (Ark and Sibray,
1957; Dye et al., 1950; Dye, 1952;
Sorauver, 1956) and phenolic com-
pounds (Démétriadés, 1953; Phillips,
1895; Sorauer, 1956; Stapp, 1961). The
phenolics are highly toxic to both plants
and animals and their use has not been
cleared by the Food and Drug Admin-
istration of the U. 8, Department of
Health, Education, and Welfare. Of the
phenolic materials, sodium dinitro-
ortho-cresolate (sold commercially as
Elgetol), when mixed with methanol,
has heen used in treatment of erown
galls in California (Ark and Scott,
1951).

FUMIGATION AND SEED TREATMENT

Previous results indicate that A.
tumefacisns persists for long periods in
many soils. Therefore, it would be
highly beneficial to reduce or eliminate
noil infestation with may crops, such as
nursery trees and field-grown roses.
Accordingly, severai soil fumigants and
methods of application were evaluated
for-the-eontrol -of-erown gall: Because
of the possibility that the crown gall
bacterium may be introduced into non-
infested s0il from contaminated plant

infection, with attendant financial loss.

In the first tests, chloropierin was ap-
plied at rateg of 1, 2, and 3 ml per linear
foot in a single strip down the ecenter of
the bed at a depth of 31% to 4 inches,
The bed was immediately covered with
black paper through which the cuttings
were inrerted. Effect of surface treating
cuttings - with-sodium-hypochlorite was
alwo- evaluated. Treated cuttings were
immersed in a 0.5 per cent solution of
sodium hypochlorite for 1 minute jugt

parts, the effectiveness of treating before planting. After about 9 monthghess s
planting material with disinfeetants growth the plants were dug and thy,,,
wag also eval percentage of plants '?bﬂ.u wigess*
. ascertained, A e o .
Field. Roses The fumigation reduceq, srgyn gall, s,
Outiinges ubed.:for starting field- infeetion but did not eﬂmigmnml :
grown rowes present an ideal infection the disease (table 5). Howevéf, tumogd 2°2
ecurt for the crown gall bacterium and on plants growing in n&f\!ﬁ!ed woil® ¢
therefors .xowes. grown in- infested moil were much larger than thesgin treated °
often:-have.s high- level.of erown gall  soil. This may refleet a delayed buildeps o
ane
[T} o’ 9 9
47 Tewer °
|

mare &1
% .
h.ﬁ" ‘mfect )
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Tama 5
EFFECT OF IN-TRE-FURROW
FUMIGATION WITH CHLOROPICRIX
AND SURFACE TREATMENT OF
CUTTINGS WITH S0ODIUM
HYPOCHLORITE ON CROWN GALL
IN FIELD-GROWXN ROSES

Trestmemt® Pue cont infected piantad

Pt 1
Chi iezin

Tmlperfoot......... .
Imiperfoot......... .

Cushings

ne
®1

imalaeh : 1 of { replintions (xpprox-
imnl mmpnnpli-thn

$ Each value o mmdi {approz-
|mulylwpm;mnpl sepiisations

in the bacterial population and later in-

fection, Burfsce trextment-of-the-eut-«

ings had no effect on-disease severity
(table 5).

Because of the slight reduction in dis-
ease severity obtained with an in-the-
furrow fumigation, a second trial was
conducted the following year. In this
test, solid blocks of plants were treated
and then tarped with polyethylene. The
fumigant waz a mixture of % chioro-
pierin and 14 methyl bromide applied
at a rate of 320 pounds per acre at a
depth of 6 inches.

This solid bloek tarped fumigation
resuited in an appreciably greater re-

549

duction in disease incidence than did
the in-the-furrow application, but still
did not result in the desired degree of
control (table 6).

These two plots provide an excellent
example of seasonal variations of the
crown gall disease. The second trial was
on.the.same-iand "ax the first; yet dis- "

eave severity-im thevontrols-raried-from %

838 to-98 per cent-of treex-imfeeted- the

Argt RTS8 pertent Theseeond “This

conld have been cansed by many factors:
soil moisture and temperature during
rooting, condition of the cuttings, or
seasonal changes in the population of
the organism.

Almond Seedlings

* Tn this trial, soil fumigation and seed
treatment were evaluated, using a split-
plot design. The fumigant used wax a
mixture of chloropierin (34) and
methyl bromide (14) at rates of 398
and 792 pounds per acre, followed by
tarping with polyethylene. The weed
treatments were mercuric chloride at 1
ppm plus a wetting agent (3 ounces
household detergent per 10 gallons of
water for 15 minutes, and 1 per cent
sodium hypochlorite plus wetting agent
for 15 minutes). Almond-seed; previ-
ously-stratified;: was treated .on Febru.-
ary 25 and planted ot March 5 after 4
days of prewosking. Trees were pulled
and the percentage of crown gall de-
terminod on Deeember 17.

o th. jge (tle 7) d{
-’ﬁ umlgntlon ngmﬁuntlv reduced
crown gall, but as with the rowses, it did

Tamz &

EFFECT OF 80LID-BLOCK FUMIGATION WITH 'I‘ARPI.\'C: ON CROWN GALL
OF FIELD-GROWN ROBEB :

Number of plants
obaerred

Number guiled Por sent qull -

] ] n

* Data based on § replisntions. Material wes 5, chioropierin and 3§ methyl bremide.
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not provide a satisfactory level of eon-

trol (table 8). The-failure-to.satisfee. -

torily-.eontro}  the divesse did- not ap-»
pear to be caused by an inadeguate rate
of fumigant application. Doubling the
rate from 396 to 792 pounds per acre
did not have any effect on erown gall
severity, indieating that thix was not
the limiting factor.

TamLy 7

EFFECT OF SEED TREATMENT

OX CROWN GALL OF ALMOND
BEEDLINGS

Infveted
plants

Treatment

For unt

Moarsurie ehloride—0. 155 for 15 minutes. 14.7*
Bedium hypochlerite—1%; for 15 minutes, H X
17.3

0w
MMdlluplm ‘l‘y“u‘:ui&-

These tests show that soil fumigation
can reduce the incidence of crown gall,
parnmlu-ly when solid application and
tarping is employed. Even under these
M:dmom, however, the disease was not

eontm!led It iy interesting
to note that with two very different
hosts, and in iwo different aruas, the
percentage of reduction was similar—
this suggests that these data provide a
good pieture of the effect of soil fumi-
gation on crown gall.

Tamx 8
EFFECT OF 80IL FUMIGATION
ON CROWN GALL OF ALMOND
SEEDLINGS

e et e S

Infeeted
plants

Per cong

R ) i
R a
]

‘lui&unuthmdhmuﬂintmmu

mgh-mnudimmmwmmmn

Ferguson, !
been eﬂeehve in wntrollmg A, riieo-
genes, a related bacterium (Munnecke
et al., 1963). However, 4. rhuegﬂm is
& nutritionaly faztldwus organism re-
quiring vitamins, and it may be a poor
soil invader and cmnpetrtor Our results
(table 8) suggest that-in-the field & low
pPerocntage of the 4. fumefacisns cells
mhmtm,mthche-
ml-h»i-lnei whmh-m appm
able—divense-if—a-vanceptible—host- is-
planted. The data of Deep et al. (1968)

and Dickey (1962) support this suppo-
sition.

SUMMARY AND CONCLUSIONS

Agrobacterium tumsefaciens wax iso-
lated from various California soils,
using either a selective medium or a
carrot disecs trap technique. The bac-
terium appears to survive for long pe-
riodg in theee soils and the
ratio of 4. ftumefaciens to A. radicbac-
ter varied from 1:13 to 1:500. Many

peared to be specific sites for aggrega-
tion: the root tap zone repulsed bae-
teria, but root hairs served as n,,,,
attractant.

Berclogical studies using the Oualf®**,

terlony gel-dlﬁnw that*?*
virulent isclates (in mtrut
to A. radicbacter) a dmmn

strainy of A. Mcfmm aggregated that formed a preupmn lhhext tp .es
around roots of various seedling plants  the antigen well. This an pearbd.® 3
when the seedlings were placed in water to be closely associated cdl .
containing bacterial cells. There ap- wall, and was separable
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antigens by filtration with a 0.22.4 Mil-
lipore filter. Physiological tests proved
of no value in differentiating virulent
and avirulent agrobacteria.

The occurrence of disease in stone
fruits and the application of cultural
practices to avoid the disease and a
chemotherapeutant for eradication of

51

sation of soil with chiloropierin and
methyl bromide redueed disease inei-
dence but did not economically econtrol
the disease. Treated nursery—voil-wax
suhsequently found to harbor-A-tume-
faciens as a result of incomplete eradi-
cation. or contamination hy wind-blown
dust, tools. or irrigatian water contain-

crown gall tumors are discussed. Fumi- __ing the.arganism. .
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Abstract approved:

Larry W. Moore

Raymond Seidler

One hundred seventy-eight Agrobacterium isolatss, 120 United
States (U.S.), 26 Australian and 32 of miscellaneous origin, were
characterized for their reactions to 20 biochemical and physiological
tests, Isolate pathogenicity and degree of host specificity, utilization
of nopaline and octopine, and sensitivity to agrocin-84 also were

determined. The U.S. isolates were quite similar, but not identical

sronen
.

in character to the 26 Australian isolates. Nearly all the igointes

. [
were separated by 15 diagnostic tests into two holnogéneous groups,

[ 22 X2 ) L L3
L]

» [ ]
designated 3-ketolactose positive [K(+)] and 3-ketoldedose negptive

senee .
L} »

[K(-}]. Sixteen isolates did not conform to either gr'!n'p degcr:iption.

Isolates of the species A. tumefaciens and A. rubi were higfnerpi-

cally, physiologically and pathologically indistinguishable. Five of
eight confirmed A. rhizogenes isolates induced tumors in addition to

hairy root and were all K(-}) in character. A taxonomic proposal

34




for the genus Agrobacterium is presented wherein two species would
be recognized.

All agrobacteria were inoculated to 11 known crown-gall hosts
to determine their host range. The host specificity of ail isolates
varied greatly with no isolate infecting all host plants. Sixty-six per-~
cent of the pathogenic isolates infected six to eight of 1] hosts tested
while 3% infected only the host plant from which they were originally
isolated (homologous host). However, the host range of an isclate
Wwas not influenced by the plant of isoclation. Evidence for change in an
isolate's host specificity pattern while in culture ig presented and
discussed relative to its relationship with the Ti plasmid. Tomato
and datura were infected by more of the pathogenic agrobacteria (81%
each) than any other of the 1] host Species tested, thus serving as the
best indicators of an isolate's pathogenicity.

Low correlations were observed between all combinations of

five isolate characters; pathogenicity, 3-ketolactose reactib:x',”

dSnese [ 1] 1]

nopaline and/or octopine utilization and agrocin-843s ehiitivity,
a [ ]

L J

Of 32 possible permutation groups of the five characﬁa'z:l exa.;nzx_:.ed,
L} LI
a0 28 L J
isolates belonging to 25 groups were identified. xséii_t_ds weres
. (1 X ] . o
LN ] L
randomly distributed among all 25 groups-regardless of geog':iihic
[ ] L ]
2888

origin or plant species of isolation, Possible reasons for the lack of

high correlations between the plasmid-coded characters are discus sed,




Biochemical and Phxsiological Tests

Twenty selected tests were compared for their reported differ~
entiating ca.pa.biliti:i (cf. Table 4). Test media were incubatod at

28 C unless stated otherwise. Liquid test media were inoculated with

0.1 m! of a cell suspension centaining approximately 106 colony

forming units/ml. Slants were inoculated directly by streaking from
the working cuitures. Plates were replica plated (26) from a 24-36
hour old master plate. All isolate reactions were recorded after
14 days incubation, except liquid tube and slant media tests which
were incubated for an additional week and then recorded. The indi-
vidual test procedures are listed below.

1) 3-Ketolactose production (4).

2) Oxidase (13). Development of a purple coloration within 10

seconds was considered positive.

Litmus milk (Difco) reaction. Potentiometric measurefept,of
[ ]

Sodium chloride tolerance. Nutrient agar (Bee{.c;zra-ct 3..0

the pH reaction also was measured. vas
L

§/% peptone, 5.0 g/L; and agar, 1.8%) supplemm wlth&olium

chloride at a concentratmn of .1, 2, 3, 4, or 57. (w/v) wis.ﬁ%ed

Utilization of Malonate (17). A blue substrate coloratiodewes

positive,




&)

Utilization of Citrate i25)., A blue substrate coloration was

positive,

7) Sodium selenite medium (10). The sodium selenite was added

8)

9)

before autoclaving. Red coloration of the colony was positive,
Acid production from erythritol (9).

Growth on L-tyrosine (16).

Growth on sodium-D, L-lac ate. The mineral basal medium of
Kersters et al. (16) was used. A 1% (w/v) filter-sterilizsed
solution of sodium-D, L-lactate and bromocresol purple
(0.0016%, w/v) were added after autoci~ving, Growth was
measured as increased turbidity.

Growth on Schroth et al. medium (24).

Growth on New and Kerr medium (20).

Growth on DIM medium (12).

Growth on ferric ammonium citrate broth (10). Pellicle

formation was positive.
.ll..

Growth at pH 11, 6. A mannitel (10.0 g/l)-yehﬁ detract .

(5.0 g/1) inedium (1.8% agar) was autoclaved add the plj

adjusted to 11. 6 with 40% (w/v) NaOH. . .

Maximum growth temperatures. Nutrient agar plates ('A'g'i ﬁ)
.III

were inoculated and incubated in the:mostatlcauy controlled,

warm-air incubators at 25, 30, 34 and 40 C for up to two weeks.




8
Growth an glycerophosphate medium. Medium I of Riker et al,
(22) was used. A white Precipitate was positive.
Growth on raffinose medium (7).
Absorption of aniline blye {10).

20} Oxidation-reduction potential (8).

Pathogenicitx of Isolates

The ability of ‘1l isolates to induce tumors on 12 host species
was tested using previously described methods (3}, Hairy root

induction by A, rhizogenes was determined by the carrot assay (18).

RESULTS

Biochemical and Ph!liological Tests

Sixteen of the 20 biochemical and physiological tests used

teparated 72 United States (U.S.) and 26 Australian Agrobacferitan

isolates into two groups designated 3- ~ketolactose pouhm [+ yl-and

3-ketolactose negative [K(-)], similar to those" delan previgesly
. ...

(13, 16, 21, 24). An additional 80 Agrobacterium injat;l wm :

tested further and similarly sepuated by theae 16 dugno:tic%tl
sese

(Table 3). The remaining four tests \raffinose, aniline blue,'ﬁtli,

and oxidation-reduction potential) gave extremely variable results and
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Table 3. Characterization of 136 Agrobacterium isolates for reaction
to 16 biochemical tests, Results are given as percentage of
isolates with the 3-ketolactose positive [K(+)] strain or
negative [ K(-)] strain reaction.

K(+)* %>

Biological and

physiological tests

3-Ketolactose + 100

Ferric ammonium citrate 100
NaCi tolerance 3-4% Q8. 6
L-tyrosine - 100
Schroth et al. + 97.1
Erythritol - 98.5
New and Kerr 98.5
Oxidase 98.56
Citrate 97.0
Na-D, L-lactate 100
Malonate 100
PE 11.6 97.1
Litmus milk

Na selenite

Glycerophosphate

Maximum growth
temperature

‘K(+) strain reactions :
bPercentage of isolates positive for the 3-ketolactose.t'e.;zswhich.i.ave

¢ gen

the test reactions for a given test corresponding to the R(+) sopping
reactions. HIR .

°K(~) strain reactions e’

dPercentage of isolates negative for the 3-ketolactose test whiegvae
the test reactions for a given taost corresponding to the K(~) strain
reactions,
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II. Gram-Negative Bacteria
A. Agrobacterium
L. W. Mcore, C, I. Kado, and H. Bouzar
1. INTRODUCTION

The genus Agqrobacterium belongs to the family Rhizobliaceae (19). Members
of this family are aercbic, Gram-negative. The cells are normally rod-shaped
(0.6-1.0 ym by 1.5-3.0 um), occur singly or in pairs, without endospore, and
motile by one to six peritrichous flagella. Considerable extracellular
polysaccharide slime is usually produced during growth on
carbohydrate-containing media. Upon infection of plants, some strains of
Agrobacterium induce adbnormal cell proliferations (hyperplasias) which result
in tumor formation in the case of the crown gall disease, and excessive
adventitious roots, as in the hairy root disease; however, many strains are
nonpathogenic. Agrobacteria are differentiated from the symbiotic
Rhizoblaceae by their inability to induce nodule formation and to fix
atmospheric nitrogen. According to Skinner (48), agrobacteria can be
differentiated from rhizobia by the Nile blue test because Aqrobacterium
reduces the dye more strongly to its colorless state.

The species nomenclature of Aqrobacterium, as presented -n the Approved
Lists of Bacterial Names (47) and the last edition of Bergey's manual (29), is
still based on phytopathogenic behavior. Those strains causing crown gall are
placed in Agrobacterium tumefaciens, those causing hairy root in A.
rhizogenes. those causing cane gall on Rubus spp. in A. rubi and nonpathogens
in A. radicbacter. A major problem with this nomenclature is the fact that
genes for pathogenicity are carried on large Ti (tumor-inducing) or Ri
(root-inducing) plasmids (34,39,53,58) which can be lost or transferred
(24,55) to a nonpathogenic strain, which in turn becomes pathogenic. Thus,
the specles status of an individual strain can be changed according to the
presence or absence of these plasmids. Purthermore, no correlation exists
between the current nomenclature and the taxonomic structure based on
morphological, physiological and genotypical traits of the genus (29).
Results obtained from analysis of phenotypic characters (18,22,27,30,5v,57),
chromosomal DHA (11.12) and comparison of electrophoretic protein patterns
(28) show that the genus Agrobacterium consists of at least three taxonomic
groups (2,22,25,27,33). The two largest groups correspond to biovar l'ml--
biovar 2 and were proposed to be raised to the species level (18). Althwsh
this proposed nomenclature appeared to be a good solution to ng ivelyess®
differentiate the agrobacteria, this speciation scheme is notfoffirially .
accepted at present (29). Consequently, to avoid confusion, ve.ahall folipw
the classical nomenclature presented in Bergey's manual (29). !".

2. TSOLATION TECHNIQUES USING SELECTIVE MEDIA ",
(LT TY ] . .
LR ]
(1 F X
L2 1 3]
Agrobacterium strains can be isolated from tumors, vascular fluids es.
grape), above and below-ground surfaces of symptomless plants, soil and water.
In contrast to many bacterial diseases of plants, infected crown gall tissue

does not contain maszes of bacteria, and a bacterial ooze does not develop.

43

a. Plant Material
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Because A. tumefaciens populations in dark, decomposing tumor tissue are low,
young, actively growing galls which contain white tissues should be used for
isolation. The gall surface should be washed and the brown, dead tissues
discarded to eliminate many secondary bacteria. Cut two to three small
subsamples from different locations within the tumor to increase the
probablility of a successful isolation. Dice the tumor tissue into about 2 by
2 mm pieces and place in 1-2 ml of distilled water for 30 minutes or longer to
allow the bacteria to move into the liquid. Both pathogenic and
non-pathogenic agrobacteria are typically isolated from tumors (Table 1).

Surface sterilization of the gall tissue for 10-20 minutes in 1% sodium
hypochlorite solution (or 20% household bleach) prior to isolating is
sometimes done. However, the disinfectant may penetrate into the tissue and
kill the pathogen; to reduce this risk, rinse the treated tissues with several
changes of sterile water before dicing the tissus. Thorough washing of the
gall exterior, removal of dead gall tissue, and use of selective media reduces
the need for surface sterilization. General comments about the selectivity
and results obtained from studies using different selective media are
presented in Table 2.

The selective media we currently use are: Brisbane and Xerr medium 1A (7)
which selects for biovar 1 strains (Plate 1, Fig. 2), medium 2E (7) which
favors growth of biovar 2 strains (Plate 1, Pig. 3), and a medium developed by
Roy and Sasser (44) which selects for biovar 3 strains (Plate 1, Prig. 4).
Because more than one strain of Agrobacterium can cohabit the same tumor, it
may be necessary to use all three media when attempting to determine the
predominant biovar. The distribution of biovars varies from one geographic
region to another (Table 1).

b. Soil

Use of selective media is especially helpful for the isclation of
Agrobacterium strains from soil because these strains compete poorly with
other soil microbes when plated on nonselective media. Even so, scme colonies
on the isolation plates will not be agrobacteria and the sensitivity of the

selective media is limited to about 107 colony forming units (CPU)/g soil.
Higher concentrations of soil 4ilutions contain more debris and other
microorganisms which decrease the selectivity of the media. The isolaticn
procedure commonly used consists of spreading 0.1 m)l of 10-fold serial
dilutions of soil or extracts of tumor tissue over a solid medium with a3, _ .
L-shaped glass rod. Inoculated plates are subsequently incubated at 27 €.
sene

Single colonies from a selective medium can harbor strains il'm!ereﬁ!"
blovar affiliations as well as other bacteria, and must always Be cloned fof
purity. To clone for purity. individual colonies from selectivi®lM¥ia aresss
suspended in sterile distilled water and streaked onto PDA. Single tolonies,
from PDA are again selected and streaked. Repeat the process umtgb all the® !
colonies appear homogeneous. On PDA, Aqrobacterium strains grog JeFl, and .
their colonies are generally easily distinguished from other speciss bec’m.p_.
they are convex, glistening, circular with an entire edge, and white to ?!.!e
in color. o "

-
*hap
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Table 1. Geographic distribution of predominant biovars of Agrobacte:

mmber of strains
Location piovar Pat t Selecti-

Australia (23) 112 D, B

15 D, B
Canada (13)

Greece (42)

Hungary (50)

Netherlands (H. Miller,
personal communication)

New Sealand (49)

ool o8 NEe oBE No %o

United States

Georgia (6) C,
C,

lhrylaml (1) A,
1)

Oregon (2-36) C, !
C, !
Intermediate C,

penrisylvania (L. Forer, 1 A,

personal comeunication) 2 60 . A,

Internediate a"s' A,
L

1 ':.. .5.3" ‘l

2 43°,, 102 A,

South Carolina (1)

Tennessee (1) :ﬂE.:z . A,
123 : ... 15 l'
A= Clark (8); B = DL (20); C = New - Kerr tu);-::: Patel (43);
ot al. (45), and ¥ = DIM (38). s
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Table 2 - Selectivity of the media for isolation of the major biovars of

Agrobacterium.

Major

Medium biovar recovered Comments

Patel (43) 1 and 2

schroth et al. (45)

Clark (8)

Dl (20)

New - Kerr (41)

1A, 28 and 3DG (7) 1, 2 and 3

Roy - Sasser (44)

Discriminated poorly against the normal soil
microflora. However, all agrobacteria tested
by Brisbane and Xesr grew (7).

Excluded 99% of other species growing on
nonselective media; efficiency of recovery was
38%. PReuucing antibiotics increased
efficlency of recovery; some biovar 2 grew
vhen ammoniacal nitrogen was used:; use of this
selective mediva as a liguid enrichment medium
allowed detection of A. radicbacter in 28
soils (45). Ommission of streptomycin helps
improve recovery of some biovar 1 strains that
are sensitive to this antiblotic (7).

Biovar 2 also grew, but poorly; biovar 3 were
recovered as well. The manganese sulphate
concentration had to de reduced by half to
allow growth of Aqrobacterium strains in
Australia (7).

li.ovais 1, 2, and 3 were recoversd on Kado's
modified Dl medium (D1M) (38) (Moore, L. W.,
unpublished).

Nitrate was reported to prevent growth of A.
rhizogenes and Rhizobium trifolii. However,
Anderson (2) found that 26/27 Ehizobium

strains and A. rhizogenes did grow in the
presence of nitrate.

Each of these media was reported (7) as highly
selective and efficient (99%) for the
respective biovars. However, tartaric aphds.
which is essential for selectivity for tig,,
biovar 3 pedium, is not uti.l.lzgh!r: biovit.3°
strains from chrysanthemm (4)3 °* ¢ .

Very selective for biovar 3 stralnd and

effective when isolating -from goil. Colirgr:
morphology is very distinct. (Npoge, L.°W./
unpublished). sesss *
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e
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Rec for selective media.

Medium 1A for biovar 1 (7)
Per L

L (~) arabitol 3.04

NH NOq 0.16
KH2PO4 0.54
RZHPO4 1.04
Sodium taurocholate 0.29
NgS0¢+TH20 0.25
Agar 15.00
Crystal violet, 0.1% (w/v) aguecus 2 ml

RN N -

Autoclave, cool to about 50 C, then add filter-sterilized
cycloheximide (1.0 ml of 2% solution) and Wa2Se03 (6.6 ml of 1%
solution).

Medium 2% for biovar 2 (7)

NHqNO3

Erythritol

KH2PO4

K2MPOyq

NgB04 - 7H20

Sodium taurccholate

Yeast extract, 1% (w/v) agquecus
Malachite green, 0.1% (w/v) agueous

Agar

Autoclave, cool to 50 C, then add filter-sterilized cycloheximide
(1.0 ml of 2% solution) and Naz8e03 (6.6 ml of I\ acueous).

Roy-Sasser medium for biovar 3 (44)

J
g

e 3 8 s
[ -] oo
L - - -R'-B]

o

0
3
0
1
0
0.
i
S
15

3
bl
r

Nge04 - TH20
KZHPOY

KHZPO4
Aonitol

Yeast extract
NacCl

H3803

« + e
ol W WO A0

Agar
Chlorothalonil (Bravo 500), 4% (w/v) aqueous

[

ONMFOOMOOOD
L]

UQON:Q‘J@N
o

E_-ncn-n

- .
Mjust to pi 7.2, autoclave, cool to 50 C and add asepticajlysthe °3°
following (after dissolving separately in a few ml of distitled wytepes
and filter sterilizing): it e .
Triphenyltetrazolium Chloride 80 mg eeles’ N
D-cycloserine 20 ng 3.8::'
Trimethoprim (with 1 drop NCl 20 mg

to the distilled water) “evee’
Colonies of biovar 3 are countable after four days of incubation at

27 C. They will have dark red centers with white edges. Comparison
to a known isolate plated at the same time i3 recommended.

20
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3. DIFFERBNTIATION OF COMMONLY ISOLATED BIOVARS

The following diagnostic tests (Table 3) separate the strains of
Aqrobacterium into three blovars. As stated in ths introduction, the
presently recognized Aqrobacterium species are not classified blochemically
but rathsr on their pathcgenic characters; therefore, these diagnostic tests
will not differentiate between pathogens and non—pathogens.

Table 3. Major differential characteristics of the biovars of the genus
Agrobacterium.

Diagnostic test

3-Ketolactose production
Growth in 2% RNaCl
Growth at 35 C
Action on litmus milk
Acid Efrom:
sSucross
Erythritol
Nelazitose
Alkali from:
Nalonic acid
L-tartaric acid
Propionic acid
Mucic acid
Ferric ammonium citrate

L-tyrosine utilization
Oxidase reaction

Citrate utilization

=
< E<+< rl

+ 1 + M Lr-
4-l$ * 1+ + 1+ ,;'ﬁ 11 thé?

-f+n+l<ll
+C) ] es

Because genetic mutation and recombination likely occurs with
Agrobacterium strains in nature, we should expect to isclate some strains with
phenotypic traits that are intermediate Detween the designated boundaries for
the different diovars. However, their frequency of occurrence seems to be low
relative to the presently recognized biovars. uu:.

sees
]
b4 [ 27 1]

4. DIAGNOSTIC MEDIA AND TESTS se

L
L]
The following general procedures apply to all of the felm raci.as

Use distilled or deionized water to prepare the media. tegt "h
are inoculated with 0.1 xl of starter culture (about 48 B m washdd once

in saline and diluted l00-fold to provide 105 to m‘ cru‘hiee tut,-ﬁ.u).
LR ] E ]
*Hee

L2 2 2 ]
..“.
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The starter culture is grown for 24-48 h on NGA slants (see 1) p. 3) by
streaking from working cultures (working cultures are grown on either PDA
or YOC slants, and kept at 4 C). Diagnostic test responses are recorded
after 14 days incubation at 27 C, except for tests performed in liquia
medium or on slant media which are incubated an additional week before
recording.

a. PDA.
A

Difco dehydrated, prepars as recommended by manufacturer and

supplemented with 0.5% cma.

3-katolactose test (5)

Ssear bacterial inoculum over adout a 1.0 cm-diameter spot on medium
containing 1% e~lactose, 0.1% yeast extract, and 2% agar. PFour to
six strains can de applied to the same plate. Incubate the plate at
27 C for 2 days. Then, flood the agar surface with a shallow layer
of Benedict's reagent and leave at room teaperature. If
3-kstolactoss is t, a yellow ring of becomes visible
around the cell mass in about one hour (Plate 1, Fig. §5).

Benedict's reagent: Diszsolve 173 g of sodium citrate and 100 g of
anhydrous sodium carbonate in 600 ml of distilled water with heating
(Eilter the resulting solution if a precipitate forms). Dissolve
17.3 g of cupric sulfate in 150 ml distilled water. Slowly add the
cupric sulfate solution into a large beaker containing the sodium
citrate-sodium carbonate solution, while stirring constantly. Dilute
to one liter.

Growth and pigmentation in ferric ammonium citrate broth {18)
per L

Perric aswonium citrate 10.0 g

m‘-'mzo 0.5¢
R, HPO, 0.5 g

caCl, 0.2 g

Adjust to pN 7.0 before autoclaving. Inoculate the culture tubes

containing the broth and incubate in a stationary position. Blovar 1
stra a_redd llicle at the surface of the medium
(Plate 1, Fig. 6). Auxotrophs may require media supplements ofs 0. 3A
L{-) qlutamic acid or 0.001% yeast extract to grow. st

Sodium chloride tolerance (2,22) -l L IR I

L ]
Inoculats WGA slants containing 1. 2, 3, 4 and 5% (w/v solium °

chloride and check for gqrowth. segees

Maximam M tmrltur. (2) i OO:.. '..' :
Inoculate NGA slants and incubate for 10 days at tempexqiyfes ranging
from 28 to 37 C before assessing for growth. 2,0

Acid production from erythritol, D(+) melezitose and sucrose (19)°°,
Basal mediuvm per L rese

o Nt bt |
xcl

r
.0
-2
-2

lﬂﬂﬂﬂl‘t‘ﬂﬂﬂﬂﬂﬂﬂl‘l‘l‘ﬁl'mlil\llﬂﬂnﬂmnnﬂmmn'llxl'-. B O




Yeast extract

Bromthymol blue, 1% (w'v) in 50% ethanol

Mjust pH to 7.1 with 1IN NaOH befors adding agar
Agar

Rutoclave for 15 minutes at 121 C.

Md 1 part of Eilter-sterillized 10% (w/v) erythritol, melezitose or
sucrose solution to 9 parts sterile and cooled besal medium: then
dispense aseptically about 4 ml of medium to sterile plugged tubes.
Development of a yellow color in the med indicates production of
acld from the oxidation of erythritol, melezitose or sucrose.

Utilization of L-tyrcaine (30)

0.25 g

25.00 mg
n(m‘)ztso‘)z-suzo 4.00 mg
lmlo‘-'mzo 0.16 mg
cuo‘-suzo 0.0 mg
!t.slc)3 0.50 mg
_m‘-nzo 0.40 ¢
Yeast extract 2.50 ng

Mjust to pH 7.0, autoclave, inoculate culture tubes and observe for
growth (turbidity).

Oxidase test (31)
For inoculum use 24-hour-old cultures grown on nutrient agar
supplemented with 1% gluccse. Rub a small loopful of the inoculum on
a filter paper impregnated with 1% (w/v) aquecus
tetramethyl-p-phenylenediamine dihydrochloride solution* (freshly
made). The strain is rated oxidase—positive if a purple coler
develops within 10 seconds (Plate 1, Pig. 7)., delayed positive if
coleration develops within 10-60 seconds: and negative if no.colpr
develops after 60 ssconds. A platimm loop is recommended sfA2°°
traces of iron can catalyse the oxidation of the phenylened
compound . Ha L ssee

L K ] »
* Commercial oxidase strips are avallable: some invespinutors fer
dimethyl to tetramethyl. . . *

Citrate utilization (486)

L] L ]
Cultures are inoculated to sodium citrate agar slants of
following composition:

NaCl

2
-
.
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Sodium citrate (anhydrous) 2.
Agar 20.
Bromthymol blus, 1% (w/v) in 50% ethanol 15.

Dissolve the salts, add indicator and adjust the medium to pH 6.8.
Ad the agar, and heat the suspension to melt the agar. Dispense the
medium in test-tubes, autoclave at 121 C for 15 minutes and slant the
tubes to cool. After 24-48 h, the inoculated medium turns to a deep
Prussisn blus if citrate has been utilized (Plate 1, Fig. 8).

Acticn on litwus wilk (2):

Difco dehydrated, prepare as recommended by manufacturer. Acid
production turns the milk red whereas alkaline turns the milk blue
(Plate 2, Fig. 1)

Alkall from malonic acid (27):

iy
W 0 O

(m‘)zﬂ‘
NaCl

K,iPo,
KH_¥O

4
Ysast extract
Malonic acid, sodium salt
Bromthymol blue, 1% (w/v) in S0% ethanol

NGO OoNN
-
o & 0 0

-

B0
=

Mjust to pH 7.0, dispense 3-4 ml of medium in test tube before
amutoclaving. Inoculate the medium and incubate at 27 C. The mediy -,

will turn blue when alkali is produced (Plate 2, Fig. 2).
Alkali rrom mucic acid, propionic acid or L-tartaric acid (an

basal medium per L
Wa¥H_Pro 0.5 g

4 74
NaH_FO, 0.17 g
| -+ § 6.2 ¢
Bromthymol blue, 18 (w/v) in 50% ethanol 2.5 ml

Mjust to pH 7.0, dispense 4.5 ml bazal medium in test-tube befors
sautoclaving. Then, aseptically add 0.5 ml of filter sterilized 1%
solution of either L-tartaric acid, propionic acld or mucic acid . o
previously neutralized with NaoM. soosse

L ]
After inoculation, incubate at 27 C for about two mksi'w mzu.-

will turn blue when alkali is produced. H H
sesese .:.
3.0 :
L 1 ] * wey

5. PATHOGENICITY TESTS ) eogee o
- [ .
Although a great varisty of dicotyledonous and some Wpc% pl.qtgu.
can be transformed Dy agrobacteria, host specificity is the rule for sssn
individual strains of Agrobacteriums (2,3,34). No host was infected by moptece
than 81% of the pathogenic strains in the study of Anderson and Moore (3) W
was the host range of a strain predictably determined by the plant from which
the pathogen was isolated (2). Genes on the Ti-plasmid have now Besn shown
the primary determinant of host range (34,52).

A LN N R N XN NN I I O
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Preparation of inocyluge

prepars an inoculum centaining 10‘ te 1&7 cru’ml (see 5, p. 110) by
seeding medium 523 (20) with cells taken from a fresh culturs.
Becauss all agrobacteria do not grow in medium 523, MIY medium
(mannitel, 1%: L-glutamic acid, 0.2%; yeast-extract, 0.1%; :uzm‘,

0.05%; sodium chloride, 0.02%; magnesium sulfate, 0.02%; pH 7.2) may
be preferred. Alternatively, cells can be removed from a colony of
the bacterium grown on slants of YDC (ses 2), p. 3) or POA.

Liguid nedimm 523

sSucrose

casein (acid hydrolysate; Calbiochem)
Ysast extract

K0,
HgS0, - THYO

*pissolve separately in 50 ml distilled water and add prior to
autoclaving.

b. Inoculation

Although the economics of time and space must be considered when
testing the pathogenicity of an unknown strain, the following is
recommanded

(1) Inoculate two or mors plants of each host species per strain.

(2) Tomato, datura, sunflower and bryophyllum are infected by a
largs mumber of Agrobacterium strains. Using conbinations of
these species, pathogenicity of a strain was identified with
78-94% certainty (2.3). [Wote: Conversations with a variety
of scientimts indicate that tobacco plants, Nicotiana glauca,
may be susceptible to a broader range of A. tumefaciens than
tomato or sunflower plants. A. tumefaciens AB2173 was
originally described as host-specific but latar shown to infect
¥. glauca and members of the cucurbit family (54).]

(3) Some strains infect only the host species from which they are
isolated and may have to be tested on that host.

(4) Always include controls which consist of: 1) plants that are
wounded but uninoculated, 1i) plants inoculated with a known
pathogenic strain of Aqrobacterium and 1ii) plants imoculated
with a known nompathogenic Rgrobactgrium strain. *esnse

A recomsended method to test for pathogemicity is to grow three tomato
seedlings in each sand-filled cubicle of plastic ice-cube traym.aed mm,{he
plants with any commercial mutrient solutiom. This allows grotll $ many,
plants in a seall area. Inoculations can be made on two-wesk indunr
Watar the sesdlings carefully to prevent cross contaminatiom. plantds*
should be kept in a greenhouse at 20-27 C and at a rather high Wlatlvge e
hamidity. . *e’ o

ovies’ bl

Wounds which are required for infection can be wmade in several ways ke
aslitl—-zummtmnn.cmmmtﬂthamcmlwrmr or
make maltiple punctures with a thin, sharp neadle. Young and actively gogwing
plants are recommended, or chooss the younger parts of older plants.

Dependi~: om the type of test, incculum can be applied (before or after
wourdin, - & -yray, with a transfer loop, hypodermic syringe, pipet, sterile

wooden teothpick, or cotton swab.
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Allow tumors to develop for at least 3 weeks on herbaceous plants (Plate
2, Pig. 3A) and for at least five weeks on woody plants before assessing for
tunor presence. Incubation pericds of 4-6 months were required for inoculated
incense cedar to develop galls (Mcore, L. ¥W., unpublished), and roses may
require 18 months (40). If tissue proliferation at the wound of datura plants
is still relatively small after 4 weeks, they are recorded as negative because
datura plants often form callus in respcnse to wounding (17). Callus on
datura usually cease enlargement after 2-3 weeks of growth, whereas
bacteria-induced tumors are not self-limiting.

In the absence of greenhouse facilities, disks of carrot roots can be used
to test for pathogenicity of A. tumsfaciens and A. rhizoqenes. Ve prafer the
carrot root assay (32) (Plate 2, Fig. 3IB) to test for pathogenicity of
rvhizogenic Aqrobacteria strains. For best results, avoid roots held in
prolonged storage. After peeling the root and washing with $5% sthanol, rinse
the tissue with 70% ethanol and surface sterilized in a freshly prepared 1:10
dilution of housshold bleach (containing 5.25% w/v sodium hypochlorite) for 15
minutes. Rinse the root in three changes of sterile water and cut 5 mm-thick
slices perpendicular to the axis of the root. Place the slices on moistened
sterile filter-paper in petri-dishes and inoculate the tissue with the
bacterial suspension. Observe tumor formation after 3 weeks. Sometimes low
pepulations of endogenous bacteria, including Agrobacterium, escape the
surface sterilant and interfere with the assay. If the cathogenic strains are
host-specific to some other host, carrot disks will probably not be infected.

6. OPINE CATABOLISM

Ti and Ri plasmids not only code for pathogenicity but they also code for
the catabolism of opines. Opines are unique compounds produced by plant cells
which have been transformed by the insertion of T-DNA sequences from Ti or Ri
plasmids. There are four opine families: octopine, nopaline, agropine and
agrocinopine (51). Octopine and nopaline are the most common opines and are
available through Sigma Chemical Co. Opines can serve as a sole carbon and
nitrogen source for agrobacteria harboring the appropriate plasmid; different
Agrobacterium strains and their corresponding Ti or Ri plaswmid catabolize
different opines. Some strains cannot use the opine as the sole source of
both carbon and nitrogen: but they may utilize the opine as a nitrogen or
carbon source. To screen for putative opine utilization, a suspension of the
strain to be tested is spotted on a basal medium (containing per liter:

KZHPO‘. 7.2 q; KRZPO‘. 2.8 g; Mm"mzo- 0.2 g; CICIZ'ZHZOr 11 mg; :...:-
nso‘-'mzo. 5 mg; mclz-quzo. 2 mg; pH 7.2), gelified with 0.4% gelrite ahd

containing 5 mM of the filter-sterilized opine tested. Controlm <ensist ..’
checking the growth of the strain on the basal medium supplementpdsfth 5 mi
glucose and 5 mM anmonium sulfate. Inoculate each medium with a.stfpin knm
to catabolize the particular opine and with another strain which doel not. *
Because some background growth often occurs on solid media, conﬁiﬁtion.' -
should be made in a liquid medium (same as above but without gelrited. °° °

: ....
L X 1] ]
sona
The sensitivity of certain strains of Agrobacterium to agrocin 84 (284.4d
another character associated usually with pathogenic strains (14) that are
susceptible to the biclogical control agsnt A. radicbacter Ki4. However,
agrocin-sensitive strains are not pathogenic on tomato and sunflower (Moore,

r
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7. TEST FOR AGROCIN SENSITIVITY
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L. ¥., and H. Bouzar, unpublished). To test a strain for sensitivity to
agrocin 84 (35), inoculate a spot about 0.5 cm in diameter with K84 on a plate
of MG medium (22) and incubate for 48-72 h at 27 C.

Mg mediunm
mannitol
L-glutamic acid

KH PO,

NaCl

Mgs0, +TH,0
piotin (2 ug/1)
Ag‘r

Prepare stock solutions as follows:
1, ac] 20 mg biotin/100 ml water
2) 213 ! ml of above solution to 99 ml of water and filter sterilize

Adjust pH to 7.0

Prepare & cell suspension of the unknown strain of Aqrobacterium (about

10a CPU/ml) and atomize lightly over the surface of the medium. Incubate
24-48 h until crowth of the unknown strain is plainly visible. If the unkncwn
is agrocin 84 sensitive, growth of the unknown strain will be inhibited around
the original colony of X84 (Plate 2, rig. 4). Mutants of agrocin-sensitive
strains typically develop in the zone of inhibition (9). For comparison,
always include a known agrocin-sensitive strain.

8. PLASMID MINI-SCREEN

Plasmids confer a number of traits important in virulence maintenance of
agrobacteria. KXado and Liu's (21) profile analysis of plasmids provides a
means of quickly detecting the presence of large plasmids typically assoclated
with pathogenic strains of Agrobacterium (rig. 1).

This rapid mini-screen procedure has also been employed for the analysis
of small and large plasmids in other Gram-negative and Gram-positive Lacteria.

Materials:
2 m1 of medium 523 or MGY in screw cap tubes (No. 9826, Corning).

B Buffer: 40 mM Tris-acetate, 2 mM NaEDTA, pH 8.0. This buffer is
prepared by titrating 40 mM Tris (Trizna basa), in 2 mwM NaBDTA with
glacial acetic acid to pH 8.0. Sveses
Alkaline lysis solution is composed of 3 g Na lauryl sulfate, 5 ml.of
3 M NaOH in 100 ml of 0.05 M Tris, pH 12.6. It is impodragee that .she®
ph be accurately measured with a high pH glass electrodd. * § .
Phenol-chloroform mixture: Redistilled phenol should be.usad. s
Immedia.ely after distillation the phenol can be mixed with an equsi
voluns of reagent grade chloroform. This mixture can be, Jrored at 3¢
room temperature. Surplus dlstilled phenol can be store® fgozen 1h °
polyethylene bottles (do not use nylon bottles since thal/Vill ke
dissolved by phenol). The phenol can be melted in a hot water Ia@},*

vhen taken from storage. S0
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For Gram—-positive bacteria, a solution of Pronase (2 mg/ml in 2 X
Tris-Hcl, pH 7.0) is used. Pronase is not necessary for
Gram-negative bacteria.

rig. 1. Large Agrobacterium tni—scr“ﬁ“&oceian-'
(21)., and resolved by agarcse ge he’ D0 kb pTi
plasmid (arrow) is harbored by tumorigenic strains of Agrobacterffgr®: Exceptse
for strain 1Dl (=ATCC 15955), a large 300 kb cryptic plasmid (pAg)* s observpd
above the pTi plasmid. The pTi plasmid and other native plasmidse ®es” o
indicated in the following strains: 1Dl (lane a); B6 (lane b); Sflane cl¢
1D135 (lane 4): non—pathogenic grapevine strain 1D1422 containing 44 Kb pPEAJee
(lane e); attenuated strain 1IENVS harboring a 89 kb cryptic plasmid (lane®'®r:
nonpathogenic strain 21005 (lane g); nonpathogenic strain from grapevine qxz.
{(lane h). *
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Procedurs:

a. Cells are grown to rapid log phase in 2 ml of medium 523 in a screw
cap tudbe (no. 9826, corning) and harvested by centrifugation (5000q,
5 min). In the same tube, the cell pellet 1s resuspended thoroughly
in 1 ml E buffer. Wwhen first attempting to isolate plasmid DNA use
this larger volume to obtain greater reproducibility. The cell
volume can be reduced by a factor of 10 and all procedures performed
in 1.5 ml microfuge tubes once the cperator is proficient with the
methodology .

b. To the csll suspension is added 2 ml of lysis solution, and the tube
is capped and inverted 20 times to obtain a uniform mixture.

Incubate the tube in a water bath at 60 C for 30 minutes.

After incubation, add 6 ml of phenol-chloroform, cap tightly, and
shake very briefly (3 sec) to achieve complete emulsification.
Centrifuge the mixture at 5000gq for 12 min at 4 C. The clear upper
aguecus phase contains plasmid DNA. If the upper aqueous phase
remains turbid, transfer the contents to a Corex tube (no. 8441,
Corning) and centrifuge at 10,000g for 10 min. If the aqueous phase
does not Llear, too many cells were probably used at the beginning of
the procedure.

Transfer the aqueous phase with a plastic Pasteur pipet (DA sticks
to glass pipets) to a tube containing 1 volume of chloroform. Mix
briefly and centrifuge to separate the two phases. Transfer the
aquecus phase to a clean tube. The preparation can be stored at 4 C
for ssveral months.

The plasmid DMA is resolved electrophoretically in a gel of 0.7%
agarose prepared in B buffer. Generally., a horizontal electrophoresis
apparatus available commercially is used. Mix 40 ul of the plasmid
preparation with 10 ul of tracking dye (0.25% bromcresol purple in
50% glycerol-E buffer) on a sheet of Parafilm (American Can Co.,
Greenwich, Connecticut). Between 25-50 ul of sample is loaded per
slot in the gel. Generally a large number of samples can be analyzed
simultanecusly. Electrophoresis is carried out at 6 volts/cm until
the tracking dye reaches the end of the agarose gel.

After electrophoresis the gel is soaked (for 20-30 min.) in 300 ml of
ethidium bromide (0.5 wg/ml) (wear surgical gloves when handling
ethidium bromide because it is a powerful mutagen). The gel is then
rinsed with tap water and the plasmid DNA band is visualized by
placing the gel over a shortwave ultraviolet light scurce.
Photographs of the gel may be taken with a Polaroid type 55 i}y, o,
exposed through a Tiffen 15 orange filter. l

Pine points: 5

Plasmid DNAsS are easily recognized by their sharp bands in" Y 3gel (ﬂ'q.
1). tinear DWA mainly composed of degraded chromosomal B¥A is uswdlly Qiffyse
and migrates to a position in the gel representing a 18 Mdal mRreyle. *3f ghe
chromosomal band interferes with a putative plasmid band, the Adijtally lysed
sanple should be given a longer heat treatment to totally eliminate th¢
of linear DNA. ¢ses

Plasmid DNA can be sized best by running known standards in an adjaceht
well of the same gel simultanecusly with the sample. Erwinia stewartii sw2
harbors a set of sized plasmids (10) that have proven useful as standards.
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Chemicals Source
Unless stated otherwise, all the chemicals in this list were obtained from
Sigma Chemical Co., St. Louis, MO.

Acetic acid, glacial .7,
Monitol Agar sees
Aamonium nitrate

Aamoniuva phosphate

Asmoniun sulfate

L(-) Arabitol

4-Blotin

Boric acid

Broecresol purple

Bromthymol blue

Calcium carbonate

Calcium chloride
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Caseine, acid hydrolysats
Chleroforn

chlorothalonil (Brave 500)
Crystal violet

Cupric sulfate

Brythritol

Ethanol (ethyl alcohol)

Ethidium bromide

rerric amonium citrate

Ferrous amwonium sulfate
rerrous sulfate

Gelrite

D-Glucose

L(-) Glutamic acid

Glycsarol

HyArochloric acid

a~Lactose

Lauryl sulfate, sodium salt

Litmus milk

Nagnesium sulfate

Malachite green

Malonic acid, sodium salt
chloride

Manganese sulfate

p-Mannitol

p{+) Mmlszitose

potassium phosphate dibasic
potassium phosphate monobas ic
POA (Potato dextross agar)
peptone, type IIX (from soybean)
Prooase

Propionic acid, sodium salt
sodium carbenate

sodium chloride

sodium citrate

Sodium hydroxide

sSodium phosphate dibasic
sodium phosphate moncbasic
sodium sslenits

sodium taurochoclate

SuCToRe

Sps Blotech Co., Painssville, OH

Kelco, a division of Merck &k Co..
Inc., San Diego, CA

pifco
Caldiochem-Behring, Lalolla,s@mie
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Chemjcals

L-Zartaric acid

Tetramethyl-p-phenylenedianine

dihydrochloride

Trimethoprim

Triphenyltetrazolium chloride

Tris (hydroxymethyl)-aminomethane
(Trizma bass)

Tris (hydroxymethyl)-amincomethans
hydrochloride (Trizsa hydrochloride)

L-Tyrosine

Yeast extract Difco

tinc sulfate
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INTRODUCTION

cteriym radiohacter K84 is an EPA-registered micrebial pesticide
used successfu’'ly in numerous parts of the world fer biological contrel of
crown gall disease of plants. The success of this biological control is
correlated with the production of agrocin 84, a specific antibiotic against
the crown gall pathogen, A. tumefacieng. Genes coding for synthesis of
agrocin 84 are located on a conjugative plasmid present in the wild-type
strain and can be transferred under laboratory conditions to A. tymefaciens.
There is one report of this gemetic transfer occurring in a field habitat,
resulting in a breakdown of the biological control.

In addition to investigating the possibility of horizontal gene transfer
from KB4 to a recipient, more information was needed about the persistence and
dissemination of KB4, or a genetically modified K84, in sotl, on target and
nontarget plants, anmd in surface and ground water associated with the agroecoc-
system. Ecological information about survival and dissemimation of K84 has
been difficult to obtain because of the lack of reliable methods for detection
and monitoring.

Objectives of this research included development of new or improved
diagnostic methods to study wild type K84 in the environment. The focus was
on more specific, sensitive techniques for detectien, fsolation, and identifi-
cation of the target organism among the myriad of other soil microbes, namely
the use of a) a strain-specific antiserum to K84 and b) DMA probes of two
fragments from the agrocin biosynthetic region. The effi_acy and limitations
of these methods for ecological studies were compared to traditional methods
of ~elective media, antibictic-resistant ("marked”) strains, and serology
whi.. investigating the environmental fate of K84 in agricultura) fiellges.

METHODS
Serplogy :

Strain-specific polyclonal antibodies to A. radigbacter K8l-for uge 3w
immunoisolation and identification experiments were tested foregiter by* °*
microprecipitation and specificity by double diffusion and immulsfluoreschnce
microscopy. S e’
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Imggnoisol;;ign

Preliminary experiments were conducted to determine if K84 could be
isolated selectively from dqueous bacterial suspensions with antibodies.
Sterile wooden tongue depressors were coated with pelyviny! buterol, and
polycional antibodies to K84 (1:250 dilution) were adsorbed ontop the plastic-
coated sticks. The immunoisolation sticks were submerged into a suspension of
K84 of known concentration for | hr and removed. Then, the bacterial suspen-
sion was diluted to determine the numder of bacterial cells remaining in the
suspension. The sticks were rubbed ento the agar surface of MGY plates to
confirm adherence of the bacteria to the antibedy-coated sticks.

mmungb] ing for ntification of 1

Immuncblotting is a technique where bacterial colonies are attached to a
solid support, reacted with antibodies made to the target strain, and then
reacted with a secondary antibody marked with an enzyme. After staining for
the marker enzymes, the target organism is cultured on isolation plates and
can be identified, enumerated, and reisclated.

Field Exngriggnt; (1988)

Field experiments were planted in May 1988 to compare the survival and
biological activity of wild-type strains of Agrobacteriym Tumefaciens and A.
radi r, K84 with antibiotic-resistance marked mutants of the same
strains on Mazzard cherry seedlings. Plots were located at Ephrata, WA, Moses
Lake, WA, Aurora, OR, and Corvallis, OR, and harvested during October.

The number of infected and non-infected cherry seedlings in each plot was
recorded. Roots were examined for the presence of galls, and the relative
size and number of galls on each root system was recorded. As the seedlings
were removed from the soil, root samples were coilected from each block at
tach site, except for the plot at Moses Lake, WA, to determine the rhizo-
sphere populations of the introduced bacteria. Root samples were packed on
ice in a cooler and transported back to Corvallis for processing. The tap
root was separated from the fibrous roots, rinsed briefly, weighed, and
agitated for 30 minutes in a known volume of sterile peptone-phosphate buffer.
The suspension was dilution-plated onto semi-selective medium (Kerr 1A for
Biovar I er Kerr 2t for Biovar il strains) with some of the medium amended
with antibiotics (100 ug/ml rifampcin, 300 ug/ml naladixic acid, or 500 u /mle,
streptomycin) for specific recovery of antibiotic-resistant marked strains,
;ggulations were determined after incubation of plates for 7 to 10 days at,****,

Field Exngrimgnt: {1989)

Field experiments were initiated at three locations to exami
survival and spread of the target bacterium, A. radiobacter K84,
environment.




in‘ h
Roots of mazzard cherry seedlings were inoculated with )o? cfu/ml of
strain K84 resistant to 509 ug/ml streptomycin sulfate. Seedlings were
planted at the Botany and Plant Pathology Farm near Corvallis, OR, in 5/89.

Destructive samples were taken over time to monitor rhizosphere Population
size of K84 on cherry seedlings.

Survival of Strain K84 in Fallow Soil

Fallow soil plots at the Botany and Plant Pathology Farm were inoculated
tn 5/89 with strain K84 resistant to streptomycin or K84 resistant to 100
ug/ml rifampicin, so that the final concentration of bacteria in the s0il plot
was 1 X 10° cfu/g dry weight soil. 1 samples were extracted with
phosphate-byffered peptone and dilution Plated on Kerr 2¢ medium amended with
the appropriate antibiotics. Near the end of the summer when populations
decreased bel els by standard dilution plating techniques,
aly for 24 hours in MGY broth then dilution plated

& depressors coated with strain-specific

polyclonal strain K84 to capture cells of K84 from the
samples,

rvival of Strain ka4 n Ann Ryegr R

Plots seeded with annval ryegrass were iroculated in 5/89 with either
strain K84 sm* or kg4 et S0 that the fina] concentration of bacteria added
was 1 X 10% cfu/g dry weight soil. ] extracted with
phosphate-buffered peptone and dilut r 2€ medium amended with
the appropriate antibiotics.

Movement of K84 Through the Soil

In the 1588 field tests, K84 coyld not be detected in fallow soil any
further than 5 cp from a cherry seedling to which it had been inoculated at
planting time. This may have been due to the inability of the strain to
survive in fallow soi) or the lack of sensitivity of our detection methods .
To determine if Kg4 could be detected in $0il at greater than 5 cm from an
inoculated cherry seedling, this year's experiment was modified to include a
trap plant. Since our earti
roots, annual ryegrass
(5, 10, 20, 40, 80,

3 biological trap fo salloooMazorge
cherry seedli of " were plant its the cebter
of the rings g was kept . H
Ryegrass samp iod i from each ring and

Assayed for th




RESULTS AND DISCUSSION
ngisolation

When immunoisclatjon sticks were incubated for one hour in aqueous
suspensions of K84 (10°%, 10°, and 10 CFU/ml), there was a 10 to 100 fold
decrease in the number of cells remaining in the suspension. Mixed
bacterial populations in soil suspensions posed a problem, bec:use nontarget
bacterial cells were physically adsorbed to the sticks, and the sticks had to
be streaked to antibiotic-amended media to reisolate the target strain.
Methods to improve the procedure are being examined.

mmunoblotting for ntificati £ loni

Bas.d on fluorescence microscopy, whole bacterial cells from agar
colonies adhered best when blotted to loosely woven Whatman #1 filter paper
and Whatman 3MM chromatography paper. Whole cells and colonies washed off the
other papers and nitrocellulose sheets. The type of medium that the bacteria
were grown on affected the adherence of the cells to the papers.

The study of marker enzymes and stains to determine their suitability for
immunoblotting whole K84 cells showed that cells immunolabeled with alkaline
phosphatase reacted quickly (within 20 min) with the reagents BCIP/NBT--
colonies were easily seen as dark blue-black spots. However, non-lTabeled
colonies also reacted slowly with these reagents, and after 6 hours they were
indistinguishable from the labeled colonies. Alkaline phosphatase is poorly
suited for this technique because of the high background activity from
endogenous alkaline phosphatase present in these bacteria.

The use of peroxidase as a marker enzyme avoids some of the non-specific
background-staining problems. However, the CNT stain frequently cited in the
literature for use with peroxidase reacted poorly with the immunoblots. After
1 hour incubation, the blots were only faintly visible as gray-blue spots, and
small colonies (less than 2 mm dia.) were difficult to see. In contrast, the
stain AEC reacted well with the immunoblots in the presence of the marker
enzyme, peroxidase. Background staining was minimal with the red-colored
compound, and small colonies (1 mm dia) were seen easily on the blots.
Althongh very good progress has been made towards developing a more accurate
staining procedure, tests are still needed on the specificity of the method
and optimization of antibody concentrations and incubation times.

Harvest of Field Plots (1388) 0%

The background incidence (water-treated controls) of crownigf]i at alt
locations was decreased by the wild-type biological control agenﬁfg¥ ot
al¥,  tocat

radiobacter K84. Average gall size was also reduced by K84 at 0Rs,.
with the exception of Moses Lake, WA. Background incidence of cromn gal%.ind
iverage tumor size was effectively decreased also at 3 location;ahxithn .

streptomycin-resistant mutant of strain K84; however, gall incidence ate *e,
Ephrata, WA, was higher on trees treated with K84* compared to the applicie®
tion of wild type K24, At the Oregon sites approximately 10* cfu/g roote’ "%
tissue of K84™ ere recovered from the rhizosphere, whereas at Ephrata, WA'
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only 200 cfu/g root tissue were recovered. The decreased ability of K84*™ ¢to
control crown gall at the Ephrata, WA, site may be related to the observation
that high populations of the strain were not sustained on root surfaces at
that site, or the presence of naturally occurring agrocin-resistant pathogens
in the soil.

In general, differences in survival and pathogenicity of A. tumefaciens
strains seemed to be related more to location and biovar grouping rather than
an affect of antibiotic resistance markers. Biovar I strains performed poorly
at the sites located in the Willamette Valley in Oregon, f.e., disease
incidence and average size of tumors from strains C58, B6 and their anti-
biotic-resistant derivatives were lower compared to that found in Washington.
The two biovar Il agrobacteria strains used in the field studies, B49C (A.
tymefaciens) and K84 (A. radiobacter) and their antibiotic-resistant deriva-

{ ~arformed well at all sites. The rifampcin-resistant strain of B49C
41 nearly as well as the wild-type strain of the pathogen. The
- :in-resistant strain of K84 performed comparably to the wild-type
the biclogical control agent. Rifampicin (100 ug/ml) and strepto-
Y ug/ml) were the most effective of the antibiotic-resistance markers
. rew strains of agrobacteria naturally-resistant to these chemicals
- recovered from water-treated control seedlings. 'In contrast, naladixic
acid (300 ug/ml) is not ~ec.mmended for future field recovery studies as
numerous strains of ag. ..ct 1 resistant to this antibiotic were recovered
from water-treated cherrv - . 3s,

Fial xperimen 08¢

survival of Strain K84 on Cherry Rogts

Ouring the first week of growth in the field, the poputation size of the
target bacterium, K84, decreased on roots of cherry seedlings by one log unit,
but stabilized during the next two weeks at approximately 1 X 104 cfu/g root.
The population size of K84 on roots remained stable the following four months
at appruximately 10° cfu/g root. The target bacterium appears to colonize a
niche in the rhizosphere which provides for fairly long-term survival.

Survival of Strain K84 in Fallow Sgil Plots

The population sizes of antibiotic-resistant strains of A. radjopecter
K84 (marked with spontaneous resistance to streptomycin and rifampicin), mere
simlar over the growing season in fallow soil. In contrast fo.rpotst. e
strains maintained high populations in fallow soil for only i wiek after.
application and then decreased about 5 1og units over the followihg 15 wepks.
By 16 weeks after inoculation of soil plots, K84 sm” .was dete®§€dsin only 2 of
9 samples by dilution plating. However, immunoisolation and enrichmenl °%
plating of samples increased detection to 7 cut of 9 samples s8¢ rf* Wys®
d1so found sporadically (3 of 9 samples) in dilution-plated safb.Samples,
sixteen weeks after inoculation of plots. Treatment of samples by enricypént
culture incre: sed detection of these strains slightly to 4 of § samplesu.._
Treatment of samples with immunoisolation sticks increased detection théeof 9
samples. Thus, the immunoisolation procedure increased the sensitivity of
detection of the target bacterium in soil over traditional methods.
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Survival of Strain K84 gn Annyal Ryegr R

Strains K84 sm® and K84 rf® maintained a steady population size between
10° to 10* cfu/g on roots of annual ryegrass for four months after inocula-
tion. The rhizosphere population sizes on annual ryegrass in the field plots
were similar to that observed in studies conducted in the greenhouse. The
population size of the rifampicin- and streptomycin-marked sirains on annual
ryegrass roots were similar also, which indicates that either antibiotic-
resistance marker can be used as a suitable standard of comparison to newer
detection methods for ecological studies of strain K84 under field conditions.

Movement of K84 Through the Soil

K84 was detected on grass seedlings S cm away from the point source of
inoculum one and two weeks after planting K84 sa® inoculated cherry seedlinas
at the center of rings of grass. Five weeks after planting, strain K84 wa:
found 10 cm away from the seedling and in one case, at a distance of 20 cm
from the cherry plant. Eight and twelve weeks after planting, strain K84 was
detected in ryegrass rings 40 cm distal to the inoculated seedlings. In
contrast, Jast field season, five centimeters was the maximum distance we
detected X84 in soil around inoculated seedlings. Importantly, the use of
annual ryegrass as a biological trap plant increased our ability to trace this
bacterium through the environment.
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Saprozoic Nematodes as Carriers and Disseminators of
Plant Pathogenic Bacteria'

AROON CHANTANAQ® AND HAROLD J. JENSEN

Adstroct: mmwmamm(mmrnmmm
mnins-unn).mmcmymamam(M) Holland amd
Peemdcwmonns phaseolicotn (Burk.}) Dows. (ICPB-PM3) and the red-pigmented non-paihogen Serrafin
smarcescens Bizio wers hosts for the suprostic nematode Pristicwckus fheritieri (Maupus, 1919) Parn-
monoy. vmmmmwmmmmwmium
nuirient agar plates. Femrle nemalodes ingestod more bacterial cells and retained them longer than
did males. hwuhvmhﬁudwmwkmdumydmmmmmm

infection courts.

Most investigators conclude that saprozoic
nemutodes feed on bacteria or by-products
of bacterial metabolism. Occurrence of this
group of nematodes in association with de-

ing plant tissue or in soil samples is
commonly recognized. Interrelationships of

ic nematodes and plant i
bacteria occasionally have been reported. For
example, Steiner (3) suggested in 1933 that
auptoﬁ:mmtode,?ddsn{m)
lamebdiensis (Maupas) Dougherty may carry
a mushroom pathogen, Psendomonas rolowsii
Paine, in its pharynx or intestine. Jenwen
(2) recemtly reported Pristionchus (Diplo-
puaster) [lheritieri  (Maupss) Paramonov,
Pawagrelius redivivus (Linn.) Goodey, Fan-
agrolaimus subelonpatus (Cobb) Thotne,
and Rkabditis spp. ingested and voided viable
spores of various plant pathogenic fungi and
a plant pathogenic bacterium. Pseudomonas
syrinpae Van Hall.

Ingestion and voiding (defecation) of vi-
able phytobe<teria by saprozoic nematodes
may be of som.. significance in dissemination
and survival of bacterial pathogens. This
investigation is concerned with associations
Recrived oo publication 23 November 1968

' A poriem ol a2 thesis swbmuited by the semior awhay m
partial DeiTRmem of the repvirewmns for 2 Ph.D. degree
M Ovegon Buwe Universiy. Teednical paper No. 250,
Cwegon  Agricwiiwral Experiawemt Stavion.

t Prewst sditens: Dupsrrmemt of Emomciogy amd Pham
Patholegy.
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of a ssprosoic nemaiode and 4 species of
plant pathogenic bacteria.
MATERIALS AND METMODS

Pristionchus Mheritieri, originally isolsted
from a decaying carrot approximately three
years ago and maintwined in the laboratory
on cultures of Psexdomonas sp., was selecied
as the test vecior. Pure cultures of Agro-
bacterium tumefaciens (Smith and Town-
send) Conn Sirain 5-14 Deep (obtzined
from 1. W. Deep, Department of Botany and
Plant Pathology, Oregon State University.
Corvallis, Oregon), Erwinia amylovora (Bur-
rill) Winslow et al. (obtained from Carclina
Biological Supply Company, Powell Labora-
tories Division, Gladstone, Oregon), Erwinia
carotovora (Jones) Holland (obtained from
Carclina Biclogicat Supply Company, Powell
Laboratories Division, Gladstone, Oregon ).
Preudomonas pheseciicols (Burk.) Dows.
ICPB-PM3 (obtained from M. P. Starr, Cura-
tor, International Collection of Phytopatho-
genic  Bacteria, Univensity of California.
Davis, California) were used as test orga-
nisms to demonstrate ingestion and survival.

The following is a brief accoumt of a
method developed lo exchange the natural
bacterial ficra of the nematode’s alimentary
tract as suggested by Chantanao (1). Gravid
females were surface-sterilized 20 min in 20

s Avornge of foww Somatow

chiorine then &
nutrient agar (3 g o
peptone, 15 g of agar
water) containing 10¢

cens plates were surf:
ferred to nutrient
tetracycline hydrochl
scribed. Eges from t
ufien dburient agar |
cm;wmmm {indic
way Jygerved, emer;
ferred to a plate cont
o the flora
¥ tierent o
fectPns Sngested an
this pcterium in th
coghptime in 4. 1t
ic:i.dupe:ud’m; upon
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SAPROZOIC NEMATODES AND PLANT PATHOGENIC BACTERIA * Chantennu, Jenzten 217

Tamte 1. Plate counts of Agrobacierium tumelaciens ingesied and defecated during X4 hr by female
Prisiionchis fheritieri, afier various periods of starvation.

Number of
Period of Bacteria Per Nematocke+
Statvation e .
thr} Rep. | Rep. 2 Rep. )

Rep. 4

0 49,000 12,250 57,000
3 15,375 27,878 316258
§ 21,000 9378 $.750
9 8,712 1.262 1.237
12 6812 6,700 3,600
13 5,350 5,228 4,362
13 2,550 2,978 3637
21 1,437 . 1,937 1928
24 364 m1 252
7 101 2 122
30 44 34 k]

Ijr. Powell Labora-
, Oregon), Erwinia

# {Burk.) Dows.
ML P, st‘“,cnﬂ-

anao (1), Gravid
ized 20 min in 20

3 0

0 0

* Average of four nematodes each.

ppm chlorine then transferred to plates of
nutrient agar (3 g of beef extract, S g of
peptone, 15 g of agar in one liter of distilled
water) containing 1000 ppm of tetracycline
hydrochloride. Eggs deposited on these
plates were transferred to nutrient agar plates
containing the red-pigmented bacterium,
Serratia marcescens Bizio (obtained from
H. Tisycs, Department of Microbiology,
Oregon State University, Corvallis, Oregon).
This bdacterium is utilized to indicate con-
tamination when other than red colonies
occur. C..avid females from the S. marces-
cens plates were surface-sterilized and trans-
ferred to nutrient agar plates containing
tetracycline hydrochloride as previously de-
scribed. Eggs from these plates were placed
upon nutrient agar plates. If no carry-over
contamination (indicated by red colonies)
was cbserved, emerging larvae were trans-
ferred to a plate containing different bacteria
to complete the flora exchange.

4 different procedure was used to de-
termine the number of Agrobacrerium tume-
faciens ingested and the survival time of
this bacterium in the alimentary tract. Ac-
cession time in 4. twmefaciens cultures var-
ied depending upon the type of experiment.

Nematodes used to determine the survival
time of ingested bacteria were limited to a
standard feeding period of 24 hr. After feed-
ing, the nematodes were removed, surface-
sterilized 20 min in 20 ppm chlorine and
transferred to nutrient agar plates containing
tetracycline hydrochloride. Many bacteria,
including test bacteria, were unable to grow
in this medium thus eliminating the source
of additiona! food for the nematodes. At
3-hr istervals several males and females
were removed and placed in 20 ppm chlorine
for 20 min. Following this treatment, four
replicate groups (each containing four nema-
todes) of males and of females were trams-
ferred to nutrient agar plates (one plate for
cach group). Similar groups were asepticaily
crushed in | mi distilled water, the volume
increased to 10 ml and 1 ml carried through
a standard dilution series (10 to 10-5)
transferred to duplicate mutrient agar plates.
Colony counts were made after incubation
483 hrat25C.

:...:.
ResuLTs AND Disculgon,
. . ]
Pristionchus thewisswidrom lebesmory cul-
tures upon P sp. thrivtd on the
five different bacain sincluding$ehe red-
.... * ey
L J ]
sssee Ld
L ® .
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Twte 2. Plate counts of Agrodwereriom mmefaciens ingevied and defecated during 24 M by make
Pristiomchns Wheeritieri, after wariouws periods of Marvation.

T o Hm d
Pernd of Baereria h-t Woﬁ
Soar atem - —_— —_
rhra Rep. 1 5 Rap. ) hr&
] 10,375 12,378 9.375%
3 376 b7 rd 680
é 197 235 252
9 s 12 141
12

CRR RTINS % Y

15 o

: 12 n »
0 0

'Ammh-rlnl;wﬁl—..

pigmented S. mercescens and the plant
pathogens A. rwmefaciens, E. amylovors, E.
caroiovora and P. phaseciicole. AL least
some bacteria of all species survived passage
through the nematode’s digestive tract and
produced typical growth upon nutrient agar
plates. After feeding 24 hr, female nema-
todes defecated viable 4. swmefaciens and P.
phaseclicols for an additionsal 27 hr and E.
anviovors an? E. carctovors were defecated
for 21 hr. Miales did not defecate viable
bacteria afver 9 hr.
Imterrelationship studies of P. Hheritieri
and the crown gall bacterium indicated inges-
tion of an average of about 46,000 bacterial
cells in 24 hr by female nematodes (Table 1)
and 10,000 becterial cells by males (Table
2). The smaller number ingested by males
probably reflects their smaller sise and food
requirements as well a5 less aggressive feed-
ing habits. In either sex, the maximum =c-
cummuiation of bacterial cefls occurred during
the initial 24-hr feeding period. In carrier
nematodes denied access to food by placing
them on antibiotic-suppiemented media, the
number of recoverable bacterial cells de-
cressed rapidly to sero. Thus survival or
persistence in the carrier nematode was lim-
ited to 30 hr in the female (Table 1) and 12
hr in the male (Table 2). A prolonged ces-

" sation of the food supply interrupted defeca-

tion and probubly many other body functions

which may affect the persistence of bacteria
in the carrier nematode.

Bacteria or by-products of bacterial
metabolism support enormous populations of
saprozoic nematodes in laboratory cultures.
Although numercus typical colonies grew
from defecations, we did not determine the
fate of al! ingested celis including those prob-
ably used for smtenance. The superabun-
dance of bacteria available for food in these
experiments may have exceeded the diges-
tive capacity of the nemmtode thus allowing
more cells © pass through unharmed than if

Nematodes also can disseminate bacterial
puthogens which adhere o their external
body surface a3 well as by ingestion and
defecation. Thus the important rdle of sapro-
zoic nematodes in this interrelztionship ap-
pears to be one of dissemination.
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